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CONTROLLED HEAT INDUCED RAPID DELIVERY OF
PHARMACEUTICALS FROM SKIN DEPOT

Field of the Invention: The present invention relates to methods and apparatus

for administration of drugs. More particularly, the present invention relates to using
controlled heat and other physical means to improve dermal, mucosal, and injection
administration of drugs.

State of the Art: The dermal administration of pharmaceutically active

compounds involves the direct application of a pharmaceutically active formulation(s)
to the skin, wherein the skin absorbs a portion of the pharmaceutically active compound
which is then taken up by the blood stream. Such administration has long been known
in the practice of medicine and continues to be an important technique in the delivery
of pharmaceutically active compounds. For example, U.S. Patent 4,286,592 issued
September 1, 1981 to Chandrasekaran shows a bandage for administering drugs to a
user's skin consisting of an impermeable backing layer, a drug reservoir layer composed
of a drug and a carrier, and a contact adhesive layer by which the bandage is affixed to
the skin.

Such dermal administration offers many important advantages over other
delivery techniques, such as injection, oral tablets and capsules. These advantages
include being noninvasive (thus, less risk of infection), avoiding first pass metabolism
(metabolism of the drug in the liver when the drug is taken orally and absorbed through
the gastrointestinal tract), and avoiding of high peaks and low valleys of concentration
of pharmaceutically active compounds in a patient’s bloodstream. In particular, high
peaks and low valleys of concentration are typical in injection and oral administrations
and are often associated with undesirable side effects and/or less than satisfactory
intended effects.

The term “dermal drug delivery system” or “DDDS?, as used herein, is defined
as an article or apparatus containing pharmaceutically active compound(s) for delivery
into the skin, the regional tissues under the skin, the systemic circulation, or other
targeting site(s) in a human body via skin permeation. The term “DDDS” in this
application, unless otherwise specified, only refer to those systems in which the main
driving force for drug permeation is the drug concentration gradient.

The term “skin”, as used herein, is defined to include stratum cornewm covered

skin and mucosal membranes.
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The term “drug”, as used herein, is defined to include any pharmaceutically
active compound including but not limited to compounds that treat diseases, injuries,
undesirable symptoms, and improve or maintain health.

The terms “targeted area” or “targeted areas”, as used herein, are defined to
include a systemic bloodstream of a human body, areas of a human body which can be
reached by a systemic bloodstream including, but not limited to muscles, brain, liver,
kidneys, etc., and body tissue regions proximate a location of an administered drug.

In DDDSs, a drug(s) is usually contained in a formulation, such as a hydro-
alcohol gel, and may include a rate limiting membrane between the formulation and skin
for minimizing the variation in the permeation of the drug. When a DDDS is applied
to skin, the drug begins to transport out of the formulation, and transport across the rate
limiting membrane (if present). The drug then enters the skin, enters blood vessels and
tissues under the skin, and is taken into the systemic circulation of the body by the
blood. Atleast some DDDSs have certain amount of pharmaceutically active compound
in or on the skin side of the rate limiting membrane (if present) prior to use. In those
DDDSs, that portion of the drug on the skin side of the rate limiting membrane will
enter the skin without passing through the rate limiting membrane. For many drugs, a
significant portion of the dermally absorbed drug is stored in the skin and/or tissues
under the skin (hereinafter referred as “depot sites”) before being gradually taken into
the systemic circulation (hereinafter referred as “depot effect”). This depot effect is
believed to be at least partially responsible for the delayed appearance of the drug in the
systemic circulation after the application of some DDDSs and for continued delivery of
the drug into the systemic circulation after the removal of some DDDSs from the skin.

After placing a DDDS on the skin, the drug concentration in the blood typically
remains at or near zero for a period of time, before starting to gradually increase and
reach a concentration deemed to be medicinally beneficial, called the “therapeutic level”
(the time it takes to reach the therapeutic level is referred to hereinafter as the “onset
time”). Ideally, the concentration of the drug in the bloodstream should plateau (i.e.,
reach a substantially steady state) at a level slightly higher than the therapeutic level and
should remain there for extended period of time. For a given person and a given DDDS,
the “concentration of the drug in the bloodstream vs. time” relationship usually cannot
be altered under normal application conditions.

The onset time and the delivery rate of the drug into the targeted area(s) of the
body for a typical DDDS are usually determined by several factors, including: the rate
of release of the drug from the formulation, the permeability of the drug across the rate

limiting membrane (if arate limiting membrane is utilized), the permeability of the drug
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across the skin (especially the stratum corneum layer), drug storage in and release from
the depot sites, the permeability of the walls of the blood vessels, and the circulation of
blood and other body fluid in the tissues (including the skin) under and around the
DDDS. Although these primary factors affecting onset time and delivery rate are
known, no existing DDDS is designed to have alterable delivery rate in the course of the
application of the drug.

While a DDDS works well in many aspects, cwrrent dermal drug delivery
technology has some serious limitations, including: 1) the onset time being undesirably
long for many DDDSs; 2) the rate that the drug is taken into the systemic circulation or
the targeted area(s) of the body cannot be easily varied once the DDDS is épplied onto
the skin and, when the steady state delivery rate is achieved, it cannot be easily changed;
and 3) the skin permeability being so low that many drugs are excluded from dermal
delivery because the amount of drug delivered is not high enough to reach a therapeutic
level. In addition, temperature variations in the skin and the DDDS are believed
contribute to the variation of dermal absorption of drugs.

It is known that elevated temperature can increase the absorption of drugs
through the skin. U.S. Patent 4,898,592, issued February 6, 1990 to Latzke et al., relates
to a device for the application of heated transdermally absorbable active substances
which includes a carrier impregnated with a transdermally absorbable active substance
and a support. The support is a laminate made up of one or more polymeric layers and
optionally includes a heat conductive element. This heat conductive element is used for
distribution of the patient's body heat such that absorption of the active substance is
enhanced. U.S. Patent 4,230,103, issued October 28, 1980 to Harwood, discloses a
bandage with a drug and a heat-generating substance, preferably intermixed, to enhance
the rate of absorption of the drug by a user's skin. Separate drug and heat-generating
substance layers are also disclosed. U.S. Patent 4,685,911, issued August 11, 1987 to
Konno et al., discloses a skin patch including a drug component, and an optional heating
element for melting the drug-containing formulation if body temperature is inadequate
to do so.

Another area of administration involves delivering drugs in controlled/extended
release form/formulations (“form/formuiation”) into the skin or tissues under the skin
(the residing place for these form/formulations are hereinafter referred as “storage sites™)
which results in the drugs being released from the storage sites in a controlled/extended
fashion. The most common technique to deliver the form/formulations into the storage
sites is by injection. Other techniques may also be used, such as implantation and

forcing the form/formulation into the skin with high-speed hitting. However, once the
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form/formulation is delivered into the storage sites, it is usually difficult to alter the rate,
known as the “release rate”, that the drug is released from the form/formulation at the
storage sites, and taken into the systemic circulation or the targeted area(s) of the body.

Yet another area of administration involves injecting drugs subcutaneously or
intramuscularly. In some clinical situations, it is beneficial to accelerate the speed of
drug absorption into the systemic circulation or other targeted areas(s) in the body after
such injection.

Therefore, it would be advantageous to develop methods and apparatus to
improve the drug administration of DDDSs, and, more specifically, to make the use of
DDDSs more flexible, controllable, and titratable (varying the drug delivery rate,
amount, or period according to the biological effect of the drug) to better accommodate
various clinical needs. It would also be advantageous to develop methods and apparatus
to make dermal delivery possible for drugs which are currently excluded because of low
skin permeability. It would further be advantageous to develop means to alter mainly
to increase the drug absorption rate from the storage sites or injection sites in such ways
that can accommodate certain clinical needs.

SUMMARY OF THE INVENTION

The present invention relates to various methods and apparatus for improved

dermal and mucosal administration of drugs through the use of controlled heat and other
physical means. The present invention further relates to methods and apparatus for
using controlled heat and other physical means to alter, mainly increase, the drug release
rate from the storage sites or injection sites in such ways to accommodate certain clinical
needs.

In the application of a DDDS, the absorption of the drug is usually determined
by a number of factors including: the diffusion coefficient of drug molecules in the drug
formulation, the permeability coefficient of the drug across the rate limiting membrane
(if one is used in the DDDS), the concentration of dissolved drug in the formulation, the
skin permeability of the drug, drug storage in and release from the depot sites, the body
fluid (including blood) circulation in the skin and/or other tissues under the skin, and
permeability of the walls of capillary blood vessels in the sub-skin tissues. Thus, in
order to address the limitations of the current dermal drug delivery technologies, it is
desirable to have control over and have the capability to alter these drug absorption
factors. It is believed that controlled heating/cooling can potentially affect each one of
the above factors.

Specifically, increased temperature generally can increase diffusion coefficients

ofthe drugs in the formulations and their permeability across the rate limiting membrane
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and skin. Increased heat also increases the blood and/or other body fluid flow in the
tissues under the DDDS, which should carry the drug molecules into the systemic
circulation at faster rates. Additionally, increased temperature also increases the
permeability of the walls of the capillary blood vessels in the sub-skin tissues.
Furthermore, increased temperature can increase the solubility of most, if not all, drugs
in their formulations which, in formulations with undissolved drugs, should increase
permeation driving force. Of course, cooling should have substantially the opposite
effect. Thus, the present invention usés controlled heating/cooling to affect each of the
above factors for obtaining controllable dermal absorption of drugs.

The present invention also uses controlled heating/cooling in several novel ways
to make dermal drug delivery more flexible and more controllable in order to deal with
various clinical conditions and to meet the needs of individual patients. More broadly,
this invention provides novel methods and apparatus for controlled heating/cooling
(hereinafter “temperature control apparatus™) during the application of the DDDS, such
that heating can be initiated, reduced, increased, and stopped to accommodate the needs.

Another embodiment of the present invention is to determine the duration of
controlled heating on DDDS based on the effect of the drug for obtaining adequate
amount of the extra drug and minimizing under-treatment and side effects associated
with under and over dosing.

Through the proper selection, based on the specific application and/or the
individual patient’s need, of the 1;101ne11t(s) to initiate controlled heating, heating
temperature, and moment(s) to stop the controlled heating, the following
control/manipulation of the absorption rates should be achieved: 1) shorten the onset
time of the drug in the DDDS without significantly changing its steady state delivery
rates; 2) provide proper amount of extra drug during the application of a DDDS when
needed; and 3) increase the drug absorption rate throughout a significant period of
duration or throughout the entire duration of the DDDS application.

Shortening of onset time is important in situations where the DDDS provides
adequate steady state deliver rates, but the onset is too slow. Providing the proper
amount of extra drug is important where a DDDS delivers adequate “baseline” amount
of the drug, but the patient needs extra drug at particular moment(s) for particular
period(s) of time during the application of the DDDS. Increasing the drug absorption
rate is used for the patients who need higher drug delivery rates from the DDDS.

The first of above approach can be achieved by applying controlled heating at
the starting time of the DDDS application, and design the heating to last long enough

to cause the concentration of the drug in the systemic circulation or other targeted area
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of the body to rise toward the therapeutic levels, and stops (may be gradually) shortly
after that. The second approach may be achieved by applying controlled heat when a
need to obtain extra drug are rises, and terminating the controlled heating either at a
predetermined moment or when the desired effect of the extra drug is achieved. The
third approach can be achieved by applying the controlled heat at the starting time of the
DDDS application. In all those three approaches, temperature of the controlled heating
needs to be designed to control the degree of increase in said that drug delivery rates.

Such embodiments are particularly useful in situations where the user ofa DDDS
gets adequate drug absorption most of the time, but there are periods of time in which
increased or decreased drug absorption is desirable. For example, during the treatment
of cancer patients with an analgesic, such as with Duragesic® dermal fentany! patches
(distributed by Janssen Pharmaceutica, Inc. of Piscataway, New Jersey, USA),
“breakthrough” pain (a suddenly increased and relatively short lasting pain, in addition
to a continuous “baseline” pain) may occur. An additional analgesic dose, in the form
of a tablet, an oral or nasal mucosal absorption dosage form, or an injection needs to be
given to treat the breakthrough pain. But with the help of controlled heat, one single
DDDS may take care of both baseline pain and episodes of breakthrough pain. With the
help of controlled heat, a heating patch can be placed on top of the Duragesic® patch
when an episode of breakthrough pain occurs to deliver more fentanyl into the systemic
circulation. The heating duration of the heating patch 1s preferably designed to be long
enough to deliver sufficient extra fentanyl, but not long enough to deliver the extra
amount of fentanyl that may pose a risk to the patient. The patient may also remove the
heating patch when the breakthrough pain begins to diminish. Thus, with the help of
controlled heat, one single Duragesic® dermal fentanyl patch may take care of both
baseline pain and episodes of breakthrough pain. For another example, a dermal
nicotine patch user may obtain extra nicotine for a suddenly increased nicotine craving
by heating the nicotine patch.

Due to low skin permeability of the skin, onset times of conventional DDDSs are
usually quite long, and often undesirably long. Thus, another aspect of the present
invention is to provide methods and apparatus for using controlled heat to shorten the
onset times of DDDSs, preferably without substantially changing the steady state drug
delivery rates. A particularly useful application of this aspect of the present invention
is to provide a controlled heating apparatus for use with conventional, commercially
available DDDSs to shorten the onset times in clinical use, without having to re-design

the DDDSs or adjust their steady state drug delivery rates.
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It is believed that an important cause for variation in drug absorption in DDDSs
is variation in temperature of the DDDSs and the adjacent skin caused by variations in
ambient temperature and/or physical condition of the person. Thistemperature variation
can, of course, potentially affect all of the factors that collectively determine the ultimate
drug delivery rates of the DDDSs. Thus, the present invention of providing methods and
apparatus to use controlled heating/cooling also minimizes the variation in temperature
of the skin and the DDDSs applied on the skin. It is also contemplated that an insulating
material can be incorporated with the controlled temperature apparatus to assist in not
only minimizing the temperature variation, but also increasing the temperature of the
DDDS and the skin under it (by decreasing heat loss), each of which tend to increase
dermal drug absorption.

The present invention also relates to methods and apparatus for using an
insulating device, such as a cover made of insulating material (such as closed-cell foam
tape) with adhesive edges, and a size slightly larger than the DDDS or the area over an
injected drug, to cover the DDDS/injected drug when the DDDS and/or the skin of the
user is exposed to extreme temperature (such as a hot shower or bath, direct sunlight,
ete.).

An important area in modern anesthesiology is patient controlled analgesia
(hereinafter “PCA’), in which the patient gives himself a dose of analgesic when he
feels the need. The ranges of the dose and dosing frequency are usually set by a care
giver (i.e., caring physician, nurse, etc.). In many PCA situations, the patient receives
a baseline rate of analgesic, and gets extra bolus analgesic when he feels that it is
needed. The technology in the present invention may be used for a PCA in which the
patient gets the baseline dose by a regular dermal analgesic patch and the exira
(*rescue”) dose by heating the dermal analgesic patch. The heating temperature and
duration needs to be designed to deliver a proper amount of extra dose.

Drugs in controlled or extended release forms or formulations may be delivered
into depot/storage sites in the skin and/or the tissues under the skin with methods such
as injection, implantation, hitting the drug/drug formulation on the skin with supersonic

speed, and embedding the drug/drug formulation onto the skin. The controlled/extended

- form/formulation allows the drug to be released gradually into the surrounding tissues

and/or systemic circulation over an extended period of time. For instance, extended
release insulin (such as Ultralente® zinc insulin - Eli Lilly and Co.) can be injected
subcutaneously to deliver insulin into the patient’s systemic circulation over an extended
period of time. However, once the drug in the controlled/extended form/formulation is

delivered to the storage sites, it is usually difficult to alter or control the course of drug
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release. The apparatus and methods of the present invention allow controlled heat to
increase and controlled cooling to decrease, the drug release from the
controlled/extended form/formulation after it is delivered into the depot/storage sites.
For example, many diabetic patients need additional insulin shortly before meals to
suppress the blood sugar increase resulting from the meals. However, the release rate
of the subcutaneously injected extended release insulin is relatively constant. With the
methods and apparatus in the invention, a diabetic patient may inject a subcutaneous
extended release insulin in the morning and apply controlled heat on the skin of the
injection site for a duration of time shortly before ingestion of a meal to obtain
additional insulin to suppress the sugar from the meal. The controlled heat increases the
flow of blood and other body fluid surrounding the storage sites and is believed to
increase the dissolution rate of insulin. Itis, of course, understood that whether a given
controlled/extended release formulation in the depot/storage sites can actually release
extra drug with increased temperature depends on the nature of the drug
form/formulation. However, since heat is known or expécted to increase the diffusion
speed of drugs in their formulations, increase the permeability of blood vessel walls, and
increases the circulation of body fluid surrounding the depot sites, each of which tend
to favor increased drug release, the heat-induced extra drug release is expected to take
place for many, if not most, controlled/extended drug form/formulation delivered into
sub-skin storage sites.

One important aspect of the present invention is to properly choose the
temperature of the controlled heat and the moment(s) to initiate and stop the controlled
heat in the applications with injected drug formulations, especially extended/controlled
release formulations, to accommodate the needs of different therapies and individual
patients, in ways similar to the applications with DDDSs discussed above.

Many biodegradable polymers may be used to make controlled/extended release
formulations. Of particular note are the biogradable lactic/glycolic acid polymers

described in Chapters 29 and 33 of Encyclopedic Handbook of Biomaterials and

Bioengineering, edited by Donald L. Wise, et al., publ. Marcel Dekker, 1995, hereby
incorporated herein by reference. It is one important aspect of the present invention to
use controlled heat, as discussed above, to control/regulate drug release rates from
controlled/extended release formulations made with such polymers, and preferably,
prepared using the methods described in the Encyclopedic Handbook of Biomaterials

and Bioengineering.

For drugs where quick systemic absorption is important, the present invention

may be beneficial. For example, it is generally agreed that to successfully treat a
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migraine headache, concentrations of an anti-migraine drug, such as dihydroergotamine,
in the bloodstream must reach a therapeutic level within a certain time from the onset
of migraine headache. In such situations, the heating devices, as discussed above, may
be used with normal injection of drugs. Since heat can usually increase the diffusion
speed of drugs in their formulations, increase the permeability of blood vessel walls, and
increases the circulation of body fluid surrounding the injection site, the drug will enter
the system circulation more quickly.

One of the more important aspects of the present invention is the apparatus for
generating and providing controlled heating. These controlled heat generating apparatus
generally comprise a heat generating portion and a means to pass the heat generated by
the heat generating portion to the DDDSs, the skin, and/or the sub-skin depot and
storage sites. These controlled heat generating apparatus generally further include a
mechanism (such as tape, adhesive, and the like) for affixing apparatus onto the DDDSs
and/or the skin. Preferably, the affixation mechanism securely holds the controlled heat
generating apparatus in place while in use, but it also allows relatively easy removal
after use. Additionally, these controlled heat generating apparatus may further include
a mechanism for terminating the generation of heat. The shape and size of the bottom
ofthe controlled heat generating apparatus are generally specially made to accommodate
the DDDSs with which they are to be employed.

One embodiment of a controlled heat generating apparatus is a shallow chamber
including non-air permeable side wall(s), a bottom wall, and a non-air permeable top
wall which has area(s) with limited and desired air permeability (e.g. , holes covered with
a microporous membrane). A heat generating medium is disposed within the shallow
chamber. The heat generating medium preferably comprises a mixture of iron powder,
activated carbon, salt, water, and, optionally, sawdust. The controlled heat generating
apparatus is preferably stored in an air-tight container from which it is removed prior to
use. After removal from the air-tight container, oxygen in the atmosphere (“ambient
oxygen”) flows into heat generating medium through the areas on the non-air permeable
top with desired air-permeability to initiate a heat generating oxidation reaction (7.e., an
exothermic reaction). The desired heating temperature and duration can be obtained by
selecting the air exposure of the top (e.g., selecting the right size and number of holes
on the cover and/or selecting the microporous membrane covering the holes for a
specific air permeability), and/or by selecting the right quantities and/or ratios of
components of the heat generating medium.

This embodiment of the controlled heat generating apparatus preferably includes

a mechanism for affixing the controlled heat generating apparatus onto the skin or a
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DDDS that is applied to the skin. For applications where the removal or termination of
the heating might be necessary, the heat generating apparatus may also have a
mechanism for allowing easy removal from the DDDS and/or the skin or for termination
‘ofthe heating. One mechanism for allowing easy removal of the shallow chamber from
a DDDS without removing the latter from the skin comprises a layer of adhesive on the
side walls of the heat generating apparatus with an non-adhesive area or less adhesive
area (less adhesive than the adhesive affixing the DDDS to the skin) at the bottom of the
shallow chamber, with the non- or less adhesive area having a shape similar to that of
the DDDS. When such a heat generating apparatus is applied onto the DDDS which is
on the skin, the adhesive at the bottom of the side walls of the heat generating apparatus
adheres to the skin, and non- or less adhesive part is on top of, but not adhered or not
strongly adhered to, the DDDS. This allows for removal of the heat generating
apparatus without disturbing the DDDS.

Although one application of such a heat generating apparatus is to be used in
conjunction with a DDDS, it is understood that the heat generating apparatus can also
be applied directly to the skin to increase the release of drugs from depot sites or sites
of injection or implantation of controlled released drugs (storage sites), or to accelerate
the absorption of subcutaneously or intramuscularly injected drugs.

The heal generating mechanism of the present invention for the controlled heat
generating apparatus is not limited to the preferred exothermic reaction mixture of iron
powder, activated carbon, salt, water, and, optionally, sawdust, but may include a
heating unit whose heat is generated by electricity. The electric heating unit, preferably,
includes a two dimensional surface to pass the heat to the DDDS and/or the skin. The
electric heating unit may also include a temperature feedback system and a temperature
sensor that can be placed on the DDDS or the skin. The temperature sensor monitors
the temperature at the DDDS or skin and transmits an electric signal based on the sensed
temperature to a controller which regulates the electric current or voltage to the electric
heating unit to keep the temperature at the DDDS or skin at desired levels. Preferably,
a double sided adhesive tape can be used to affix the electric heating unit onto the skin.

The heat generating mechanism may also comprise an infrared generating unit
and a mechanism to direct the infrared radiation onto the DDDS or the skin. It may also
have a temperature feedback system and a temperature sensor that can be placed on the
DDDS or the skin to control the intensity of the infrared emission to maintain the
temperature at the DDDS or skin at desired levels.

The heat generating mechanism may further comprise a microwave generation

unit and a mechanism to direct the microwave radiation onto the DDDS or the skin.
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Again, the heat generating mechanism may have a temperature feedback system and a
temperature sensor to regulate the intensity of the microwave emission to maintain the
temperature at the DDDS or skin at desired levels.

The heat generating mechanism may yet further comprise a container containing
supercooled liquid which generates heat from crystallization (“exothermic™). The
crystallization is inttiated within the container, such as by bending a metal piece in the
supercooled liquid, and the container is placed on a DDDS or on the skin. The heat
which is released from the crystallization process is passed to the DDDS and/or the skin.
However, heat generated by crystallization usually does not maintain a constant level
over extended time. Thus, such a heat generating mechanism is not ideal for
applications where elevated temperature in a narrow range over an extended time is
necessary, but is useful where only a short heating duration is needed, such as with a
DDDS that would benefit from short heating duration to minimize the onset tilﬁe.

Although, in general, most benefits for DDDSs are realized from increased drug
absorption and release rates by heating, there are circumstances where it may be
desirable to be able to both increase and decrease the drug absorption and release rates.
It is understood that for a more complete control in dermal and controlled/extended
release drug administration that a mechanism for providing both heating or cooling,
depending on need, would be advantageous. Thus, a novel approach of this invention
is to provide methods and apparatus for providing heating or cooling to the DDDSs, the
skin and/or the tissues under it, or the controlled/extended release drug form/formulation
in the skin or the tissues under the skin, such that the drug absorption and/or release can
be controlled. The heating/cooling mechanism comprises a thermoelectric module
which functions as a heat pump wherein the power supply may be reversed depending
on whether heating or cooling is desired. A cooling mechanism can include an
endothermic crystallization mechanism similar to the exothermic crystallization
mechanism discussed above.

It is, of course, understood that the use of controlled heating and/or cooling to
control drug absorption and/or release are equally applicable to controlled/extended
formy/formulations after they are delivered into the skin and/or tissues under the skin.
However, physical mechanisms other than heating and/or cooling may also be used for
the same purpose. Thus, it is novel approach of this invention to provide methods and
apparatus to use ultrasound, electric current, and mechanical vibration to induce extra
drug release from controlled/extended release form/formulations which are already

delivered into the body and that are responsive to these physical induction means.
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BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims particularly pointing out and

distinctly claiming that which is regarded as the present invention, the objects and
advantages of this invention may be more readily ascertained from the following
description of the invention, when read in conjunction with the accompanying
drawings in which:

FIG. 1 is a side cross-sectional view of an embodiment of a temperature
control apparatus according to the present invention;

FIG. 2 is a side cross-sectional view of another embodiment of a temperature
control apparatus according to the present invention,

FIG. 3 is a side cross-sectional view of an embodiment of a dermal drug
delivery system according to the present invention;

FIG. 4 is a side cross-sectional view of the temperature control apparatus of
FIG. 2 in conjunction with the dermal drug delivery system of F1G. 3 according to
the present invention;

FIG. 5 is a graph of time versus temperature for a temperature control
apparatus according to the present invention;

FIG. 6 is a graph of the mean fentanyl concentration of nine volunteers verse
time for a four hour contact of a fentanyl containing DDDS with heating and without
heating according to the present invention;

FIG. 7 is a graph of time versus temperature for a temperature control
apparatus according to the present invention;

FIG. 8 is a side cross-sectional view of another embodiment of a temperature
control apparatus according to the present invention;

FIG. 9 is a side cross-sectional view of another embodiment of a dermal drug
delivery system according to the present invention;

FIG. 10 is a side cross-sectional view of the temperature control apparatus of
FIG. 8 in conjunction with the dermal drug delivery system of FIG. 9 according to
the present invention;

FIG. 11 is a side cross-sectional view of still another embodiment of a dermal
drug delivery system according to the present invention;

FIG. 12 is a side cross-sectional view of the temperature control apparatus of
FIG. 8 in conjunction with the dermal drug delivery system of FIG. 11 according to

the present invention;
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FIG. 13 is a side cross-sectional view of yet another embodiment of a
temperature control apparatus having three cover layers over an oxygen activated
temperature regulating mechanism chambers according to the present invention,;

FIG. 14 is a side cross-sectional view of the temperature control apparatus of
FIG. 13 having a first cover layer removed according to the present invention;

FIG. 15 is a top plan view of the temperature control apparatus of FIG. 14
along line 15-15 according to the present invention;

FIG. 16 is a side cross-sectional view of the temperature control apparatus of
FIG. 14 having a second cover layer removed according to the present invention;

FIG. 17 is a top plan view of the temperature control apparatus of FIG. 16
along line 17-17 according to the present invention;

FIG. 18 is a side cross-sectional view of the temperature control apparatus of
FIG. 16 having a third cover layer removed according to the present invention;

FIG. 19 is a top plan view of the temperature control apparatus of FIG. 18
along line 19-19 according to the present invention;

FIG. 20 is a side cross-sectional view of another embodiment of a dermal
drug delivery system having a rate limiting membrane according to the present
invention;

FIG. 21 is a side cross-sectional view of an electric temperature control
mechanism according to the present invention;

FIG. 22 is a side cross-sectional view of a temperature control apparatus
comprising a flexible bag filled with a supercooled liquid according to the present
invention;

FIG. 23 is a side cross-sectional view of a temperature control apparatus
capable of both heating and cooling applied to a DDDS according to the present
invention;

FIG. 24 is a schematic for a closed loop temperature controller for the
temperature control apparatus of FIG. 23 according to the present invention;

FIG. 25 is a side cross-sectional view of a temperature control apparatus
applied directly to a patient’s skin according to the present invention;

FIG. 26 is a side cross-sectional view an electrical mechanism for increasing
drug absorption according to the present invention;

FIG. 27 is a side cross-sectional view a vibrational mechanism for increasing

drug absorption according to the present invention;
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FIG. 28 is a side cross-sectional view of a temperature control apparatus
capable of both heating and cooling applied directly to a patient’s skin according to
the present invention; and

FIG. 29-32 is a side cross-sectional view an insulative material over a DDDS
and injected or depot drug sites for minimizing temperature variation and/or
increasing the temperature of the DDDS and the skin thereunder according to the
present invention.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT

FIGs. 1-32 illustrate various views of temperature control or other

apparatuses and dermal drug delivery systems. It should be understood that the
figures presented in conjunction with this description are not meant to be illustrative
of actual views of any particular apparatus, but are merely idealized representations
which are employed to more clearly and fully depict the present invention than would
otherwise be possible. Elements common between the figures retain the same
numeric designations.

FIG. 1 illustrates a temperature control apparatus 100 of the present invention
comprising a chamber defined by a bottom wall 102, a top wall 104, and side walls
106 wherein a temperature regulating mechanism 108 is disposed within the
chamber. The temperature regulating mechanism 108 can include a heat generating
oxidation reaction mechanism, electric heating unit, exothermic crystallization
mechanism, endothermic crystallization mechanism, heating/cooling mechanism,
cooling mechanism, or the like.

FIG. 2 illustrates a temperature control apparatus 100 comprising a
temperature regulating mechanism 108 surrounded by a bottom wall 102, a top
wall 104, and side walls 106. The bottom wall 102 is preferably a plastic material
and the side walls 106 are preferably made of a flexible non-air permeable material,
such as non-air permeable closed-cell foam material. A portion or all of the bottom
wall 102 of the temperature control apparatus 100 includes an adhesive material 112
for attachment to a DDDS or to the skin of a patient. The temperature regulating
mechanism 108 preferably comprises a composition of activated carbon, iron
powder, sodium chloride and water in a proper ratio. Optionally, saw dust may be
added to the composition to facilitate the airflow within the composition and/or
provide “body” to the composition. The top wall 104 is preferably also a flexible
non-air permeable material having holes 114 therethrough. An air permeable
membrane 116 is, preferably, disposed between the top wall 104 and the temperature

regulating mechanism 108 to regulate the amount of air reaching the temperature
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regulating mechanism 108 through the holes 114. The air permeable membrane 116
is preferably a porous film (such as No. 9711 microporous polyethylene film -
CoTran™, 3M Corporation, Minneapolis, Minnesota, USA).

FIG. 3 illustrates a dermal drug delivery system 120 (hereinafter
“DDDS 120") comprising a housing 122 made of a flexible material(s). The housing
122 preferably comprises side walls 124 and a top wall 126 with a drug formulation
128 disposed within the housing 122. Preferably, the bottom of the DDDS side walls
124 include an adhesive 132 to affix the DDDS 120 to the skin of a patient. .

FIG. 4 illustrates the temperature control apparatus 100 of FIG. 2 attached to
the DDDS 120 of FIG. 3. The DDDS 120 attached to a portion of the skin 134 of a
patient. The area of the temperature regulating mechanism 108 is preferably slightly
larger than that of the drug formulation 128. The temperature control apparatus 100
and the DDDS 120 are preferably stored in separated compartments of an air tight
container (or in separate air tight containers).

Example 1

One example of using the embodiment of the present invention illustrated in
FIGs. 2-4 for administering analgesic material for relief of pain consists of a patient
or care giver placing the DDDS 120 on the skin 134 of the patient, which preferably
adheres to the skin 134 with DDDS adhesive 132. The patient or care gi\\/er then
attaches the temperature control apparatus 100 on top of the DDDS 120, which
adheres to the DDDS 120 with temperature control apparatus adhesive 112. Oxygen
in ambient air flows into the temperature regulating mechanism 108 through
holes 114 and air permeable membrane 116. Of course, it is understood that the rate
at which oxygen contacts the temperature regulating mechanism 108 is determined
by the size and number of the holes 114 on the top wall 104, as well as the air
permeability of the air permeable membrane 116. A heat generating (exothermic)
chemical reaction occurs in the temperature regulating mechanism 108. Heat from
this reaction passes through the temperature control apparatus bottom wall 102,
through the DDDS top wall 126, through the drug formulation 128, and increases the
temperature of the patient’s skin 134 under the DDDS 120.

In actual experimentation, the temperature control apparatus 100 comprised
the side walls 106 defined by a 1/8 inch thick rectangular foam tape (2 layers of
No.1779 1/16" white foam tape, 3M Corporation, Minneapolis, Minnesota, USA)
with an outer dimension of about 2.25 inches by 4 inches with an opening therein
having an inner dimension of about 1.75 inches by 3.5 inches, the bottom wall 102

comprising rectangular medical tape (No. 1525L plastic medical tape, 3M
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Corporation, Minneapolis, Minnesota, USA) of a dimension of about 2.25 inches by
4 inches with a non-adhesive side attached to the bottom of the side walls 106, and a
top wall 104 comprising a rectangular 1/32 inch thick foam tape (No. 9‘773 1/32" tan
foam tape, 3M Corporation, Minneapolis, Minnesota, USA) with forty-five holes 114
(diameters approximately 0.9 mm, in a 5 by 9 pattern with about 7.5 mm to 8.0 mm
center spacing) therethrough. The side walls 106, the bottom wall 102, and the top
wall 104 defined a chamber. The holes 114 of the top wall 104 were covered by an
air permeable membrane 116 comprising a porous membrane (No. 9711 microporous
polyethylene film - CoTran™, 3M Corporation, Minneapolis, Minnesota, USA)
disposed between the top wall 104 and the temperature regulating mechanism 108.
The side walls 106, the bottom wall 102, and the top wall 104 all had 1/8" rounded
corners. The temperature regulating mechanism 108 disposed in the chamber
comprised a mixture of activated carbon (HDC grade - Norit Americas, Inc., USA),
iron powder (grade R1430 - ISP Technologies, USA), saw dust (Wood Flour, Pine -
Pioneer Sawdust, USA), sodium chloride and water in the weight ratio of
approximately 5:16:3:2:6 weighing approximately 16.5 grams. The temperature
control apparatus 100 was sealed in an air-tight container immediately after
fabrication.

The temperature control apparatus 100 was tested on a volunteer with a
temperature probe placed between the temperature control apparatus 100 and the
volunteer’s skin to measure the temperature. The results of this temperature
experiment is illustrated in FIG. 5 and Table A, which shows that the temperature
control apparatus 100 is capable of keeping the skin temperature to a narrow,
elevated range of about 41°C to 43 °C for extended period of time (at least

about 240 minutes).

TABLE A
Time (minutes) Temperature (°C)
0 30.6
1 31.8
2 33.6
3 35.2
4 36.6
5 38.0
6 391
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7 39.9
8 40.5
9 41.1
10 41.5
11 41.9
12 423
13 42.5
14 42.5
15 425
16 42.5
17 42.5
18 42.5
19 42.5
20 42.5
22 42.4
24 42.4
26 423
28 42.2
30 42.5
35 425
40 42.6
45 42.6
60 42.5
75 42.8
90 42.7
120 42.6
150 423
180 42.0
210 41.8
240 41.0
255 40.4

PCT/US02/18121
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Nine human volunteers receive a dose of fentanyl in a DDDS 120. The
DDDS 120 comprised a commercially available dermal fentanyl patch, Duragesic-
50® (designed to deliver an average of 50 micrograms of fentanyl per hour),
distributed by Janssen Pharmaceutica, Inc. of Piscataway, New Jersey, USA. The
experiment was conducted to determine fentanyl concentrations within the
volunteers’ blood (over a 12 hour period) without heating the DDDS 120 and with
heating the DDDS 120 (with the temperature control apparatus 100 described above).
The experiments were conducted with at least a two week time period between the
heated and unheated sessions. In the unheated session, the DDDS 120 was applied
onto the volunteer’s chest skin and removed after about 240 minutes. In the heated
session, the DDDS 120 was applied onto the subject’s chest skin and immediately
cover by the temperature control apparatus 100. Both the DDDS 120 and the
temperature control apparatus 100 were removed after about 240 minutes. In both
sessions, blood samples were taken at various intervals for 12 hours and the fentanyl
concentrations in serum samples were determined by radioimmunoassay.

FIG. 6 and Table B illustrates the mean serum fentanyl concentrations
produced by the heated and unheated Duragesic-50% patches, respectively, over a 720
minute duration (The lowest standard used in the assay was 0.11 ng/ml.
Concentrations lower than 0.11 ng/ml were obtained using an extrapolation method.).
With heating by the temperature control apparatus 100, it was found that fentanyl
began to enter the systemic circulation earlier, and at faster rates. At 240 minutes,
the end of the heating and fentanyl patch application, the average serum
concentrations of fentanyl in the volunteers with the heating of the Duragesic-50®
patch was about 5 times that of the unheated Duragesic-50%. These results
demonstrates that controlled heat can significantly increase the speed of dermal

fentanyl absorption and shorten the onset time.

TABLE B
Time (minutes) Serum Fentanyl Conc. Serum Fentanyl Conc.
Without Heat With Heat
(ng/ml) (ng/ml)
0 0.04 0.01
10 ; 0.03 0.01
20 0.03 0.02
30 0.03 0.03
40 0.03 0.06
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60 0.04 0.09
75 0.03 0.16
90 0.04 0.28
120 0.06 0.45
180 0.14 0.85
240 0.26 1.29
300 0.47 1.04
360 0.40 0.98
420 0.33 0.88
480 0.35 0.67
540 0.38 0.63
600 ‘ 0.37 0.51
660 0.33 0.50
720 0.26 0.49

Thus, it is believed that the increased temperature increases the skin
permeability (compared with a DDDS without such a heating mechanism), which
results in the fentanyl entering the patient’s systemic circulation faster. This should
result in serum fentanyl concentrations reaching steady state quicker. The heating 1s
also believed to increase the body fluid circulation and blood vessel wall
permeability in the sub-skin tissues, and cause fentanyl to spend less time in the sub-
skin depot site. As a result, the patient receives the analgesic compound more
quickly and receives improved pain relief.

In yet another experiment, the temperature control apparatus 100 comprised
the side walls 106 defined by a 3/16 inch thick rectangular foam tape (3 layers of No.
1779 1/16" white foam tape, 3M Corporation, Minneapolis, Minnesota, USA) with
an outer dimension of about 2.25 inches by 4 inches with an opening therein having
an inner dimension of about 1.75 inches by 3.5 inches, the bottom wall 102
comprising rectangular medical tape (No. 15251 plastic medical tape, 3M
Corporation, Minneapolis, Minnesota, USA) of a dimension of about 2.25 inches by
4 inches with a non-adhesive side attached to the bottom of the side walls 106, and a
top wall 104 comprising a rectangular 1/32 inch thick foam tape (No. 9773 1/32" tan
foam tape, 3M Corporation, Minneapolis, Minnesota, USA) with seventy-eight holes

114 therethrough (diameters approximately 1/32 inch, in a 6 by 13 pattern with about
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a 6 mm center spacing). The side walls 106, the bottom wall 102, and the top

wall 104 define a chamber. The holes 114 of the top wall 104 are covered by an air
permeable membrane 116 comprising a porous membrane (No. 9711 CoTran™
membrane, 3M Corporation, Minneapolis, Minnesota, USA) disposed between the
top wall 104 and the temperature regulating mechanism 108. The side walls 106, the
bottom wall 102, and the top wall 104 all had 1/8" rounded corners. The temperature
regulating mechanism 108 disposed in the chamber comprised a mixture of activated
carbon, iron powder, saw dust, sodium chloride and water in the weight ratio of
approximately 5:16:3:2:6 weighing approximately 25 grams. This temperature
control apparatus 100 was tested on a volunteer’s stomach with a temperature probe
placed between the temperature control apparatus 100 and the volunteer’s skin to
measure the temperature. The results of this temperature experiment is illustrated in
FIG. 7 and Table C, which shows that the temperature control apparatus 100 is
capable of keeping the skin temperature to a narrow, elevated range at between about

41 and 44°C for extended period of time (at least about 450 minutes).

TABLE C
Time (minutes) Temperature (°C)
0 29.6
1 31.9
15 39.3
16 39.9
17 40.6
18 41.0
19 41.4
20 . 41.9
22 42.7
24 43.2
26 43.6
28 43.7
30 43.5
35 43.5
40 433
45 43.3
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60 43.1
75 42.9
90 43.0
120 43.0
150 43.2
180 43.0
210 42.6
240 42.5
270 423
300 43.0
330 43.0
360 42.6
390 42.6
420 42.5
450 41.9

FIG. 8 illustrates another embodiment of a temperature control apparatus 150
comprising a temperature regulating mechanism 108 surrounded by a bottom wall
102, a top wall 104, and side walls 152. The side walls 152 extend a distance below
the bottom wall 102 to define a cavity 154. The bottom wall 102 is preferably made
of plastic tape material and the side walls 152 are preferably made of a flexible non-
air permeable material, such as non-air permeable closed-cell foam material. A
portion of the bottom of the temperature control apparatus 150 includes an adhesive
material 112 on the bottom of the side walls 152 and, preferably, includes a second
adhesive material 156 in the bottom of the bottom wall 102, wherein the second
adhesive material 156 is preferably less adhesive than the adhesive material 112.
Again, the temperature regulating mechanism 108 preferably comprises a
composition of activated carbon, iron powder, sodium chloride, water, and,
optionally, saw dust. The top wall 104 is preferably also a flexible non-air permeable
material having holes 114 therethrough. An air permeable membrane 116 is disposed
between the top wall 104 and the temperature regulating mechanism 108 to regulate
the amount of air reaching the temperature regulating mechanism 108 through the

holes 114.
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FIG. 9 illustrates a DDDS 160 comprising a housing made 122 of flexible
materials. The housing 122 preferably comprises side walls 124 and a top wall 126
with a drug formulation 128 disposed within the housing 122, and may include a
membrane 130 which may be a rate-limiting membrane.

FIG. 10 illustrates the temperature control apparatus 150 of FIG. 8 attached to
the DDDS 160 of FIG. 9. The DDDS 160 is placed on (or attached with an adhesive,
not shown) a portion of the skin 134 of a patient and the temperature control
apparatus 150 is placed over the DDDS 160, such that the DDDS 160 resides within
the cavity 154 (see FIG. 8). The adhesive material 112 attaches to the skin 134 and
holds the temperature control apparatus 150 in place. If the DDDS 160 is not
attached to the skin 134, the temperature control apparatus 150 holds the DDDS 160
in place. Preferably, the DDDS 160 is attached to the skin 134 with an adhesive
material (not shown) with the temperature control apparatus 150 placed over the
DDDS 160. The temperature control apparatus 150 is attached to the skin 134 with
the adhesive material 112 and the second adhesive material 156 (less adhesive than
any attachment adhesive (not shown) between the DDDS 160 and the skin 134 and
less adhesive than the adhesive material 112 between the temperature control
apparatus 150 and the skin 134) attaches the temperature control apparatus 150 to the
DDDS 160. Such an arrangement results in secure adhesion of the temperature
control apparatus 150 and the DDDS 160 to the skin 134, yet allows for the removal
of the temperature control apparatus 150 without removing the DDDS 160.

FIG. 11 illustrates an alternate DDDS 165 comprising a housing 123 made of
flexible material(s). The housing 123 preferably comprises top wall 125 and a
membrane 103, which may be a rate-limiting membrane, with a drug formulation 128
disposed within the housing 123. FIG. 12 illustrates the temperature control
apparatus 150 of FIG. 8 attached to the DDDS 165 of FIG. 11, similar that described
for FIG. 10.

Example 2

An example of using the embodiment of the present invention illustrated in
FIGs. 8-12 for administering analgesic material to treat breakthrough pain consists of
a patient or care giver placing the DDDS 160, 165 on the skin 134 of the patient with
the temperature control apparatus 150 placed thereover. By way of example, when
the DDDS 160, 165 is a commercially available fentanyl patch, Duragesic-50%, it
takes several hours after the application of the DDDS 160, 165 to obtain a sufficient
steady state level of fentanyl in the patient’s bloodstream to control baseline pain.

However, such as with the treatment of cancer patients, a patient will from time to



10

15

20

WO 02/100386 PCT/US02/18121
23

time suffer breakthrough pain, which is a suddenly increased but usually not long
lasting pain. When a patient feels that a breakthrough pain episode is imminent, the
patient places the temperature control apparatus 150 over the DDDS 160, 165. The
heat from the temperature control apparatus 150 increases the temperature of the
fentanyl patch, the skin, and tissues under the skin. As a result, more fentanyl is
absorbed across the skin. Furthermore, fentanyl already in the skin and sub-skin
depot sites (i.e., fentanyl molecules that have already permeated across the skin but
were stored in the skin and sub-skin tissues) starts to be released into the systemic
circulation at faster rates because of increased blood/body fluid flow in the tissues
under the fentanyl patch and increment blood vessel wall permeability caused by heat
from the temperature control apparatus 150. The overall result is that fentanyl
concentration in the patient’s bloodstream is significantly increased shortly after the
heating patch is applied (compared with no temperature control apparatus 150 being
used), and the increased fentanyl in the bloodstream alleviates the breakthrough pain
in a timely manner. It is believed that for lipophilic compounds, such as fentanyl,
that usually have significant dermal depot effect (storage in depot sites in the skin
and sub-skin tissues and gradual release from the depot sites), the increased drug
release from the depot sites due to the heating may make a more rapid and a more
significant contribution to increasing bloodstream drug concentrations than the
contribution from increased skin permeability caused by the heat. The patient can
leave the heating patch on for a pre-determined length of time, based on his previous
experience of breakthrough pain, before he stops the heating by removing the patch
or placing an air impermeable tape to cover all the holes on the top wall 104. The
patient may also stop the heating when he feels the current episode of breakthrough
pain is over or beginning to end.

Preferably, the heating patch is designed to have a predetermined heating
duration that is sufficient to treat most patients’ breakthrough pain, but not long
enough to cause serious side effects associated with fentanyl overdose. However, if a
particular patient has a higher tolerance to fentanyl, the patient can use two or more
of the heating patches consecutively so that the patient gets just enough extra fentanyl
to treat the breakthrough pain.

Example 3

Another example of using the embodiment of the present invention illustrated
in FIGs. 8-12 for dermally administering nicotine for suppressing nicotine craving
consists of a user placing a nicotine DDDS 160, 165 on the skin 134. After a few

hours, the user should obtain a steady state nicotine concentration in the bloodstream



10

15

20

25

35

WO 02/100386 PCT/US02/18121
24

that is sufficient to suppress a “baseline” nicotine craving. When the user starts to
have an episode of increased nicotine craving, the user puts the temperature conirol
apparatus 150 on top of the DDDS 160, 165. The temperature control apparatus 150
preferably heats for at least 15 minutes before the exothermic reaction exhausts the
temperature regulating mechanism 108. The heat increases the transport of nicotine
across the skin, and increases the blood flow in the tissues under the DDDS 160, 165
which carries nicotine stored in the tissues under the DDDS 160, 165 into the
systemic circulation at increased rates. As a result, the user gets a rapid increase in
his blood nicotine concentration to treat the surge of the nicotine craving. After the
heating, the nicotine absorption rates gradually come back to normal to deliver the
steady state nicotine concentration in the bloodstream.
Example 4

Another example of using the embodiment of the present invention illustrated
in FIGs. 8-12 for dermally administering testosterone to increase and optimize the
amount of drug delivered consists of a user placing the DDDS 160, 165, such as a
once a day dermal testosterone patch, for example Androderm® produced by
Theratech, Inc. of Salt Lake City, Utah, USA, on the skin 134. The DDDS 160, 165
1s generally applied to the skin 134 at night, for exalhple at 10 PM. However, if the
user does not get a sufficient dosage of testosterone the next day, the user puts the
temperature control apparatus 150 on top of the DDDS 160, 165. The increased
temperature in the DDDS 160, 165, the skin 134 and tissues under the skin
significantly increase the dermal absorption of testosterone. In addition, if the DDDS
160, 165 has permeation enhancer, such as glycerol monooleate, the heat should also
make the enhancer permeate the skin faster, thus making it more effective. The
ultimate result is that the user gets sufficient testosterone from the DDDS 160, 165.
Furthermore, the user may also place the temperature control apparatus 150 on the

"DDDS 160, 165 in the morning to deliver more testosterone from morning to the
evening when the user needs the higher dosage the most. The increased absorption
of testosterone by the controlled heating may allow the reduction of a permeation
enhancer concentration which is used in the DDDS 160, 165. In a testosterone
DDDS, a permeation enhancer is usually necessary for delivering sufficient
testosterone, however permeation enhancers may cause serious skin irritation, such as
glycerol monooleate in Androderm®.
Example 5
It is, of course, understood that the DDDS 160, 165 and the temperature

control apparatus 150 can be with athletic injuries. For example, if a person injures
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an elbow in a sporting event or such, the user can apply a DDDS 160, 165 containing
an analgesic, such a dexamethasone, wintergreen oil, or the like, wherein the
DDDS 160, 165. The heat generated by the temperature control apparatus 150 drives
more drug into the elbow and the increased the blood flow induced by the heat takes
the drug deeper into the elbow.

Example 6

Yet another example of using the embodiment of the present invention
illustrated in FIGs. 8-12 comprises using the temperature control apparatus 150 for
administering analgesic material to treat pain when the diffusion coefficient of the
active ingredients in the formulation 128 and/or permeability coefficient across a rate
limiting membrane 130 is so low that it dominantly determines the overall absorption
rate of analgesic material from the DDDS 160, 165 into a patient’s body. By way of
example with the use of a DDDS 160, 165, the patient or care giver places the
DDDS 160, 165 on the skin 134 of the patient. If after a time of wearing the
DDDS 160, 165, it is determined that for this particular patient and his conditions a
higher concentration of fentany! in the bloodstream is required to properly treat his
pain, the temperature control apparatus 150 is placed on top of the DDDS 160, 165 to
heat the DDDS 160, 165.

The increased temperature increases diffusion coefficient of the active
mgredient in the formulation in the DDDS 160, 165 and increases the permeability
coefficient across the rate limit membrane 130 in the DDDS 160, 165, and, thus, the
overall rates at which the active ingredient enters the patient’s body. This, in turn,
increases the concentration of active ingredient in the bloodstream. As a result, the
patient gets the increased and proper effect.

Example 7

Still another example of using the embodiment of the present invention
illustrated in FIGs. 8-12 comprises using the temperature control apparatus 150 for
decreasing onset time of an analgesic material from the DDDS 160, 165. By way of
example with the use of a commercially available fentanyl patch, such as Duragesic-
50®, as the DDDS 160, 165, the patientv or care giver places the DDDS 160, 165 on
the skin 134 of the patient and places the temperature control apparatus 150 over the
DDDS 160. Preferably, the temperature control apparatus 150 inciudes a sufficient
émount of activated carbon, iron powder, sodium chloride, and water in the
temperature regulating mechanism 108 to sustain an exothermic reaction for at least

4 hours.
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The heat from the temperature control apparatus 150 increases the

temperature at a contact surface of the skin 134 and the DDDS 160, 165 to

temperatures up to about 60°C, preferably a narrow temperature range between about
36°C and 46°C, most preferably between 37°C and 44°C, and maintains this
temperature for a period of time (i e., approximately 4 hours). During this time, the
heat increases the speed of fentanyl release from the DDDS 160, 165, the permeation
rate across the skin 134, and the speed of blood circulation which carriers the
fentanyl into the systemic circulation faster. After the exothermic reaction ceases
(approximately 4 hours), the fentanyl absorption and concentration in the
bloodstream begins to decrease from the elevated levels caused by the heat from the
DDDS 160, 165 returns to normal (unheated) levels. The patient continues to wear
the system for a total of between about 48 and 72 hours. Compared with a

DDDS 160, 165 without the use of the temperature control apparatus 150, the
fentanyl begins to appear in the bloodstream significantly earlier to yield a shortened
onset time and the fentanyl concentrations in the bloodstream in the early hours of
application are significantly higher than that produced by an unheated DDDS 160,
165. The therapeutic serum fentanyl concentration varies from person to person. For
example some people respond to levels above 0.2 ng/mL. Referring to FIG. 6, this
0.2 ng/mL concentration is achieved in about one-third the amount of time for a
heated system than for a non-heated system (i.e., about 70 minutes as compared with
about 210 minutes).

After a period of time when the exothermic reaction of temperature control
apparatus 150 slowly stops generating heat, the fentanyl concentration in the
bloodstream starts to gradually approach the normal steady state fentanyl
concentrations in the bloodstream which would ultimately be seen with an unheated
DDDS 160, 1635, given a sufficient amount of time. As a result, the temperature
control apparatus 150 significantly shortens the onset time of Duragesic-50° without
significantly altering its steady state delivery rates. Thus, the important advantage
provided by this approach is that the onset time of a DDDS 160, 165 already in
clinical use can be shortened without significantly altering its steady state delivery
rates which are not only adequate, but also familiar to the caregivers and the patients;

Example 8

A further example of using the embodiment of the present invention
illustrated in FIGs. 8-12 comprises using the temperature control apparatus 150 for a
sustained high absorption rate of an analgesic material from the DDDS 160, 165,

Cancer patient’s tend to develop a tolerance for fentanyl (and other analgesic



10

15

20

25

WO 02/100386 PCT/US02/18121

27

materials) after extended use. For example, if a patient becomes tolerant to a
Duragesic-100® (100 micrograms/hour deliver rate) dermal patch, a care giver may
apply both a Duragesic-100® and a Duragesic-50® (50 micrograms/hour delivery rate)
to treat the patient’s cancer pain. However, instead of using two Duragesic® patches,
a care giver can use a Duragesic-75® (75 micrograms/hour delivery rate) patch in
conjunction with the temperature control apparatus 150, preferably designed to last
between about 12 and 24 hours, to increase the fentanyl absorption. The care giver
replaces the heating patch, after the designed heating during is over, with another
heating patch to maintain a desired temperature, and continues to do so until the
fentanyl in the Duragesic-75® patch can no longer supply a therapeutic amount of
fentanyl. It is, of course, understood that the temperature control apparatus 150 may
be designed to last as long as the expected usage time of the Duragesic-75® dermal
patch.

Heating patches with different heating temperatures may be used to achieve
different increased levels of fentanyl deliver rates.

Example 9

Yet still another example of using the embodiment of the present invention
illustrated in FIGs. 8-12 again comprises using the temperature control apparatus 150
for decreasing onset time of an analgesic material from the DDDS 160, 165. By way

of example, a local anaesthetic, such as a eutectic mixture of lidocaine and tetracaine,

can be administer with a DDDS 160, 165 to numb the skin 134 before a painful

medical procedure. A faster onset and deeper numbing effect within a short time can
be achieved by placing the temperature control apparatus 150 over the DDDS 160,
165, wherein the temperature control apparatus 150 is capable of providing heating
the skin to a narrow range between about 37°C and 41 °C, preferably between 39°C
and 40°C, for at least 30 minutes. The skin 134 should be numb in 30 minute or
less, which is much shorter than that without heating. Depending on the original skin
temperature, it is believed that such heating will reduce the onset time by about 60%
of the onset time without heating.
Example 10

Still another example of using the embodiment of the present invention
illustrated in FIGs. 8-12 again comprises using the temperature control apparatus 150
for increasing the solubility of an analgesic from the DDDS 160, 165. By way of
example, a formulation may be designed to contain an analgesic which has such low

solubility in the formulation that a significant portion is in the form of undissolved
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particles, and the solubility increases with increasing the temperature of the
formulation.

A patient places such a DDDS 160, 165 on his skin. If the amount of the
analgesic compound the patient receives from the DDDS 160, 165 is not sufficient,
the patient places the temperature control apparatus 150 on or over the DDDS 160,
165. The heat generated in the temperature control apparatus 150 increases the
temperature of the formulation in the DDDS 160, 165 and maintains the increased
temperature for a significant part or substantially the entire length of the DDDS 160,
165 application. The increased temperature in the formulation increases the
solubility of the analgesic compound in the formulation. Consequently, more
analgesic compounds are dissolved in the formulation which gives higher driving
force for the transdermal permeation of the analgesic compound. As a result, more
of the analgesic compound enters the patient’s body.

Another variation of this example is for the treatment of breakthrough pain.
If the solubility of the analgesic compound in a formulation in the DDDS 160, 165 is
sufficient to treat baseline pain, but not breakthrough pain, a patient can place the
temperature control apparatus 150 on or over the DDDS 160, 165 when an episode of
breakthrough pain occurs. The increased solubility of the analgesic compound in the
formulation results in the patient obtaining more analgesic compound to treat the
breakthrough pain. The heating from the temperature control apparatus can be
discontinued after the patient determines that the pain is under control.

Although Examples 1-10 discuss the application of specific drugs, it is, of
course, understood that the present invention is not limited to any particular drug(s).
It is understood that a considerable variety of drugs classes and specific drugs may be
used with the present invention. The drug classes can include without limitation
androgen, estrogen, non-steroidal anti-inflammatory agents, anti-hypertensive agents,
analgesic agents, anti-depressants, antibiotics, anti-cancer agents, local anesthetics,
antiemetics, anti-infectants, contraceptives, anti-diabetic agents, steroids, anti-allergy
agents, anti-migraine agents, agents for smoking cessation, and anti-obesity agents.
Specific drugs can include without limitation nicotine, testosterone, estradiol,
nitroglycerin, clonidine, dexamethasone, wintergreen oil, tetracaine, lidocaine,
fentanyl, sufentanil, progestrone, insulin, Vitamin A, Vitamin C, Vitamin E,

prilocaine, bupivacaine, sumatriptan, and dihydroergotamine.
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Example 11
Yet still another example of using the embodiment of the present invention

illustrated in FIGs. 8-12 again comprises using the temperature control apparatus 150
for maintaining a stable temperature for the DDDS 160, 165. Certain drugs have
relatively low therapeutic indices, meaning that the differences between the
therapeutic dose and the dose which can cause serious and/or undesired side effects
are small. Thus, dermal delivery of such drugs can be dangerous (over-dose) or
ineffective (under-dose), especially for individuals whose skin are exposed to highly
variable ambient temperatures, such as people working outdoors in extreme weather
conditions. The variations in ambient temperature can cause variations in skin
temperature which can significantly change the ultimate dermal absorption of the
drugs. Covering a DDDS 160, 165 containing a low therapeutic indices drug with
the temperature control apparatus 150 can regulate the skin temperature to a narrower
range and reduce the variation in dermal drug absorption. Drugs and classes of drugs
that may benefit from this method include, but are not limited to, drugs such as
nicotine, nitroglycerin, clonidine, fentanyl, sufentanil, and insulin; and classes of
drugs such as non-steroidal anti-inflammatory agents, anti-hypertensive agents,
analgesic agents, anti-diabetic agents, and anti-migraine agents.

FIGs. 13-19 illustrates another embodiment of a temperature control
apparatus 170. FIG. 13 illustrates the temperature control apparatus 170 which is
similar to the embodiment of FIG. 8, but comprises a temperature regulating
mechanism 108 which is made up of a plurality of chambers 172 separated by non-air
permeable walls 174. The temperature regulating mechanism 108 is substantially
swrrounded by a bottom wall 102, a top wall 104, and side walls 152. Again, the
temperature regulating mechanism 108 preferably comprises a composition of
activated carbon, iron powder, sodium chloride, water, and, optionally, saw dust,
which is disposed in each of the chambers 172. The top wall 104 is preferably also a
flexible non-air permeable material having a plurality of holes 114 therethrough,
preferably, a row of holes 114 for each chamber 172. An air permeable
membrane 116 is disposed between the top wall 104 and the temperature regulating
mechanism 108 to regulate the amount of air reaching the temperature regulating
mechanism 108 through the holes 114. The top wall 104 can have at least one cover
covering the plurality of holes 114 for the regulation of the air into the chambers 172.
As illustrated in FIG. 13, three covers are layered on the top wall 104. A first cover
layer 176 is affixed to the top wall 104 and has openings 178 (see FIG. 17) to expose

2 out of 3 holes 114. A second cover layer 182 is affixed to the first cover layer 176
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and has opening 184 (see FIG. 15) to expose | out of 3 holes 114. A top cover 186,
which has no openings, is affixed to the second cover layer 182. Thus, a patient has
a various opinions on what percentage of chambers 172 to expose to ambient air. If
the heat generated from one third of the chambers is required, the top cover 186 is
removed, as shown in FIGs. 14 and 15. If the heat generated from two thirds of the
chambers is required or if another additional heat is needed after the depletion of the
first one-third of the temperature regulating mechanism 108, the top cover 186 and
the second cover layer are removed, as shown in FIGs. 16 and 17. If the heat
generated from all of the chambers is required or if another additional heat is needed
after the depletion of the first and second one-third of the temperature regulating
mechanism 108, the top cover 186, the second cover layer 182, and the first cover
layer 176 are removed, as shown in FIGs. 18 and 19. It is, of course, understood that
more or less cover layers can be used with any number of holes to results in any
desired amounts of the temperature regulating mechanism 108 being activated.

Thus, by way of example a patient can have a number of choices in using the
temperature control apparatus 170, such for the suppression of breakthrough pain.
When the breakthrough pain occurs, the patent places the temperature control
apparatus 170 over an analgesic material DDDS and can do any of the following: |

1) Activate a particular number or percent of chambers 172 by removing
the requisite covers depending on how much additional analgesic material is required
to treat the breakthrough pain. The covers can be preferably replaced to stop the
exothermic reaction when no more additional analgesic material is required.

2) Activate a particular number or percent of chambers 172, exhaust the
heat generating capacity of those chambers 172, and then activate other (non-
activated) chambers 172. This extends the heating duration of the temperature
control apparatus 170. The duration of the total heating time is determined by the
typical duration of the particular patient’s breakthrough pain.

3) Activate enough chambers 172 to treat one episode of breakthrough
pain, and leave the heating patch in place. When the next episode of breakthrough
pain occurs, activate unused chambers 172.

FIG. 20 illustrates a dermal drug delivery system 190 (hereinéfter _
“DDDS 190") having a rate limiting membrane 192. The structure of DDDS 190 is
similar to that of FIG. 3. However, the DDDS 190 includes a rate limiting
membrane 192 which resides between the drug formulation 128 and the skin 134 of a

patient.
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Generally, the permeability of the drug in the drug formulation 128 through
the rate limiting member 192 is significantly lower than the permeability of the drug
in the drug formulation 128 into the skin of an average patient. Rate limiting
membranes 192 are used to minimize the variation in overall permeation, and to
regulate the amount of drug delivered to the patient so that overdosing does not
occur. Another aspect of the present invention is the use of a temperature sensitive
rate limiting membrane, such that the drug permeation rate through the rate limiting
membrane increases significantly with increasing temperature. With such a DDDS
190, the above discussed temperature control mechanisms 100 (FIG. 1 & 2), 150
(FIG. 8), and 170 (FIG. 13) can be used to increase the drug delivery rate across the
rate limiting membrane 192 to treat breakthrough pain, reduce onset time, increase
steady state delivery rate, or other advantages discussed above.

The possible temperature control mechanisms are not limited to the
exothermic reaction mixture of iron powder, activated carbon, salt, water, and
sawdust, as discussed above. FIG. 21 illustrates an electric temperature control
mechanism 200 comprising an electric heating element 202 surrounded by a
bottom wall 102, a top wall 104, and side walls 152 (similar to FIG. 8). The side
walls 152, preferably, extend a distance below the bottom wall 102 to define a cavity
154. Itis, of course, understood that the electric heating element 202 does not have
to have the side walls 152 forming a cavity 154. '

The bottom wall 102 and the side walls 152 are preferably made of a flexible
non-air permeable material, such as non-air permeable closed-cell foam material. A
portion of the bottom of the temperature control apparatus 200 includes an adhesive
material 112 on the bottom of the side walls 152 and, preferably, includes a second
adhesive material 156 in the bottom of the bottom wall 102, wherein the second
adhesive material 156 is preferably less adhesive than the adhesive material 112. The
electric heating element 202 preferably comprises a flexible resistor plate that can
generate heat when supplied with an electric current through traces 206, 208. The
electric current is preferably supplied from a battery 212 attached to a control
mechanism 214, and an electronic switch 216. The battery 212, the control
mechanism 214, and the electronic switch 216 are preferably attached to the top
surface of the top wall 104. The electric heating element 202 is activated by
triggering the electronic §wit011 216 which begins the flow of electric current from
the battery 212 to the electric heating element 202. A temperature sensor 218, such
as a thermistor, is preferably attached to the bottom of the bottom wall 102 and sends

a signal (corresponding to the temperature at the bottom of the bottom wall 102)
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through electric trace 222 to the control mechanism 214. The control
mechanism 214 regulates the flow of current to the electric heating element 202, so
that the electric heating element 202 quickly brings the temperature at a contact
surface between the bottom wall 102 and a top of a DDDS (not shown) to a pre-
determined level and maintains the temperature at that pre-determined level. The
following features may be incorporated into the control mechanism 214: 1)a
mechanism that allows a physician or care giver set the length of each heating period
for each patient, which allows the physician to limit the heating, and hence the extra
drug that the patient can get based on the conditions of the patient; 2) a mechanism
that allows the physician or care giver to set the minimum time between the heating
periods, and hence how often the patient can get the extra drug through increase heat;
3) a mechanism that allows the physician or care giver to set a pre-determined
temperature; and/or 4) a mechanism that allows the physician or care giver to control
the heating temperature profile, such as gradually increasing heating temperature or
decreasing temperature over a pre-determined period of time. These features can
potentially give simple DDDSs a variety of control options for the physician and/or
the patient on the quantity and timing of the delivery of extra drug.
Example 12

An example of using the embodiment of the present invention, such as
illustrated in FIG. 21, includes using the temperature control mechanism 200 for
decreasing onset time of a local anesthetic comprising approximately 14%
tetracaine/lidocaine eutectic mixture by weight; 8.6% polyvinyl alcohol (PVA) by
weight, 0.17% sodium hydroxide (NaOH) by weight, and the remainder water (FH,O).
The local anesthetic, in the form of a thin patch, was placed on a volunteer’s left
forearm and the temperature control mechanism 200, set to maintain a 41°C
temperature, was placed over the local anesthetic. The local anesthetic was also
placed on a volunteer’s right forearm (at a different time) and left at room
temperature (about 24°C). The results are presented in Table D, wherein the effect
of the local anesthetic was measure by a pain score when the skin is poked by a blunt

object. The pain score is defined as follows:

Score Effect
0 No effect
1 * Between no numbness and medium numb
2 Medium numb
3 almost completely numb
4 completely numb, but not deep
5 completely numb and deep
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TABLE D
Time (minutes) Pain Score with Heating Pain Score w/o Heating
15 4 2
20 5 3
25 4
30 5

Thus, it can be seen that heating reduced the onset time of complete and deep
numbness by approximately 33%.

Another example of using the embodiment of the present invention, such as
illustrated in FIG. 21, includes using the temperature control mechanism 200 for a
sustained high absorption rate of an analgesic material from the DDDS 160, 165.
Cancer patient’s tend to develop a tolerance for fentanyl (and other analgesic
materials) after extended use. For example, if a cancer patient becomes tolerant to a
Duragesic-100% (100 micrograms/hour deliver rate) dermal patch, a care giver may
apply an electric heating device, such as temperature control mechanism 200, on a
Duragesic-100® patch and sets the temperature to heat the skin surface to 38°C to
obtain a higher rate of fentanyl delivery from the Duragesic-100® patch for treating
the patient’s cancer pain. However, if, after a duration of treatment, the cancer
patient becomes tolerant the fentanyl delivery rate at 38°C, the care giver can adjust
the temperature control mechanism 200 on the of Duragesic-100® patch to heat the
skin surface to 40°C to obtain an even higher rate of fentanyl delivery from the
Duragesic-100® patch for treating the patient’s cancer pain.

FIG. 22 illustrates another embodiment of a temperature control
apparatus 240 comprising a substantially flat, flexible bag 242 filled with a
supercooled liquid 244, such as a concentrated solution of sodium acetate. A bottom
portion of the bag 242, preferably, includes an adhesive material 246. The bag 242 is
preferably slightly larger than the DDDS 160 such that the adhesive material 246
may contact and adhere to the skin 134. The bag 242 further includes a triggering
mechanism 248, such as a metal strip. For example, when a patient wearing a DDDS
containing an appropriate analgesic material feels the imminent onset of
breakthrough pain, the bag 242 is placed over the DDDS 160. The triggering
mechanism 248 is activated (such as by bending a metal strip) which triggers

crystallization in the supercooled liquid. The heat generated by the crystallization
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(phase transition) increases the speed of transport of analgesic material into the body
and the speeds the release of analgesic material from the depot sites in the skin and
the sub-skin tissues. As a result the patient gets a rapid delivery of extra analgesic
material to treat breakthrough pain. Usually, the heat generated by a phase transition
can not be sustained over extended time, but may be enough to release adequate
amount of analgesic material from the depot sites in the tissues under the skin to treat
the breakthrough pain. The advantage of the temperature control apparatus 240 is
that it is reusable. After use, the temperature control apparatus 240 can be placed in
hot water and then cooled to room temperature to transfer the solidified contents in
the bag back to a supercooled liquid 244.

Example 14

An example of using the embodiment of the present invention illustrated in
FIGs. 23-24 comprises using a temperature control apparatus 300 which is capable of
heating and cooling, such that the rate of absorption of a drug formulation in a DDDS
can be increased or decreased, as needed.

For example, as shown in FIG. 23, if the level of the drug in the patient’s
system requires adjusting, the temperature control apparatus 300 is placed on a
DDDS 160. Heating will result in an increase in drug absorption (as previously
discussed) and cooling will reduce drug absorption to prevent overdose. FIG. 23
illustrates the temperature control apparatus 300 as a thermoelectric module which is
be used for both heating or cooling. The temperature control apparatus 300 functions
as a small heat pump, wherein a low voltage DC power source 304 provides a current
in one direction 306 to a thermoelectric unit 310 which results in heating on a first
side 308 (preferably a ceramic substrace) of the temperature control apparatus 300
and cooling on a second side 312 (preferably a finned diésipation structure) of the
temperature control apparatus 300. If the current direction is reversed, the first
side 308 will cool and the second side will heat.

The temperature control apparatus 300 may be control with a closed loop
temperature controller 314, as shown in FIG. 24. The temperature controtler 314
comprises a positive DC node 316 and a negative DC node 318 supplying circuit to a
primary circuit 320. The primary circuit 320 delivers an electrical signal 322 through
a voltage amplifier 324 and a power amplifier 326 to the thermoelectric unit 310.

The primary circuit 320 further includes a temperature sensor 328 receiving a
temperature signal 330 from the thermoelectric unit 310, and further includes a

temperature adjustment mechanism 332, which adjusts the electrical signal 322.
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A varjety of drugs and drug classes can be utilized with such treatments. The
drugs include, but are not limited to, nicotine, nitroglycerin, clonidine,
dexamethasone, fentanyl, sufentanil, and insulin. The drug classes include, but are
not limited to, androgen, non-steroidal anti-inflammatory agents, anti-hypertensive
agents, analgesic agents, anti-depressants, anti-cancer agents, anti-diabetic agents,
steroids, anti-migraine agents, anti-asthma agents, and agents for smoking cessation.

It is, of course, understood that the heating devices discussed above could be
replaced by an infrared heating device with a feedback mechanism. All of the
controls and variations in controls discussed above would apply to such an infrared
heating device. The advantage of infrared radiation over simple heat is that the
former, with proper wavelengths, penetrates deeper into a patient’s skin.

Another aspect of the present invention is to use heat and other physical
means, such as ultrasound, microwave, electric current, and vibration, to improve
absorption of drugs from depot/storage sites. Such depot/storage sites may exist as a
result of a drug administered from a dermal patch or a drug directly injected or
implanted under the skin surface.

The kind of formulations that may respond to the physical inducing means
discussed above are:

Ultrasound:  particles containing drug formulation that can break down in size
when treated with ultrasound.

Microwave:  drugs that have limited solubility in surrounding body fluid, but the
solubility increases significantly with increasing temperature; and -
solid formulations whose erosion/degradation speed can be
significantly increased by increasing flow/exchange of body fluid
surrounding it.

Electricity:  drugs that exist in ionized form in the formulations and/or
surrounding body fluid.

Vibration: drugs that have limited solubility in body fluid; solid formulations
whose erosion/degradation speed can be significantly increased by
increasing flow/exchange of body fluid surrounding it.

Example 15

One example of enhanced depot site absorption using the embodiment of the
present invention illustrated in FIGs. 1 and 2 for administering analgesic material for
pain relief consists of a patient or care giver placing the DDDS, such as a fentanyl-
containing DDDS, on the skin of the patient at a first location. After sufficient
depletion of the drug in the DDDS, the DDDS is removed and a second DDDS is
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placed on the skin of the patient at a second location to continue drug delivery. If an
episode of breakthrough pain occurs, the temperature control apparatus 100 can be
applied directly to the patient’s skin 134 at the first location (the DDDS is no longer
present), as shown in FIG. 25. The heat from the temperature control device 100
increases the speed of drug release from the depot site 252 in the first skin site and
the tissues thereunder to give an increased drug absorption into the systemic
circulation 254 to treat the breakthrough pain.
Example 16

An example of storage site absorption using the embodiment of the present
invention illustrated in FIGs. [ and 2 consists of a patient or care giver introducing an
extended release insulin into his skin by injection or other method such as ultrasound
speed hitting (such as products similar to those developed by Powderject
Pharmaceutical, United Kingdom). In the extended release insulin formﬁlaﬁon, most
of the insulin molecules are in crystalline form. After injection, insulin is released
from the crystalline from slowly as the crystals slowly dissolve in the surrounding
body [luid. This provides a baseline insulin release into the systemic circulation.
However, the patient needs additional insulin above the baseline release to suppress
sugar from meals. Thus, before each meal the patient places a temperature control
apparatus 100, preferably designed to control heat for a pre-determined time (i.e.,
between about 15 and 60 minutes), onto the skin over the injection site where the
injected extended release insulin formulation resides. The heat from the temperature
control apparatus 100 increases flow of the blood and another body fluid in the
tissues swrrounding the extended insulin formulation, which increases the dissolution
speed ol the insulin and carries the insulin into the systemic circulation at higher rate.
The heating duration of the temperature control device 100 is, preferably, designed to
last just long enough to release the adequate amount of extra insulin to deal with the
sugar from the meal. Thus, the patient receives proper insulin absorption adjustment
from the extended release formulation, and does not have to make a choice between
taking additional insulin shots before meals or suffer the physiological consequences
caused by high blood sugar from the meals.

Example 17

Another example of storage site absorption using the embodiment of the
present invention illustrated in FIGs. 1 and 2 consists of a patient or care giver
injecting a drug mixed in controlled release particles under the skin surface. By way
of example, a controlled release formulation of analgesics may comprise an

analgesic, such as sufentanil, alfentanil, remifentanil, and morphine, which is
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incorporated into a controlled release drug delivery system (such as Atrigel™ by
Atrix Laboratories, Inc., Fort Collins, Colorado, USA) comprising a biodegradable,
biocompatible polymer(s) [i.e., poly(DL-lactide), poly(DL~lactide-co-glycolide),
poly(DL-lactide-co-g-caprolactone), polycaprolactone, or a combination thereof] in a
biodegradable solvent (i.e., N-methyl-2-pyrrolidone). The controlled release
formulation is generally injected into a patient within 3cm, preferably within 1 cm,
and most preferably 0.3 cm, from the skin to control his cancer pain.

It is understood that any homopolymer or copolymer of lactic and glycolic
acid can be utilized. The lactic/glycolic acid polymers are solids, wherein the drug
and polymers are both dissolved in a biodegradable solvent. After the injection, the
biodegradable solvent diffuses out leaving behind the polymer(s) in the form of
precipitated, biodegradable particles, which holds most of the sufentanil. As the
polymer particles gradually erodes/degrades, the sufentanil is released into the
systemic circulation to treat the cancer pain. The release rate of sufentanil is
determined by how quickly the polymer particles erodes/degrades in the body.

The active drug may also be incorporated and delivered into the storage site
using different methods, such as mixing the drug with the biodegradable,
biocompatible polymer(s) in a solvent, evaporating the solvent to obtain polymer
particles mixed with the active drug. The size of the drug containing polymer
particles should be, small enough to be incorporated (not dissolved) into a suspension
in a liquid (preferably an aqueous liquid). The suspension is injected into the
i)atient’s tissue proximate the skin surface. The liquid quickly leaves the depot site,
leaving behind a polymer implant containing the active drug. The release of active
drug from the polymer implant can be increased in the manner described above.

Regardless of the implantation method, the normal release rate of sufentanil
is usually sufficient to treat the patients baseline cancer pain, but not enough to treat
breakthrough pain. When the patient feels a breakthrough pain is coming, he places
a temperature control apparatus 100 over the skin site under which the formulation
was injected. The increased blood/body fluid flow caused by the heat increases the
erosion/degradation speed of the polymer particles and hence the speed of release of
sufentanil. When the breakthrough pain is over, the patient stops the heating (such as
by removing the heating patch or covering the holes 114 on the top wall 104 - see
FIG. 2) and the polymer particle erosion/degradation speed gradually returns to

normal which returns the sufentanil release rate back to a normal, pre-heated rate.
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Example 18
The effects of heating on the release of a drug incorporated in a

biocompatible, biodegradable polymer matrix were examined. An anesthetic (i.e.,
lidocaine) was incorporated into the polymer matrix (i.e., lactide/glycolide polymer)
to form an anesthetic drug/polymer composition. The anesthetic drug/polymer
composition may be used for injecting/planting under the skin of a patient, wherein
the drug is gradually released into the body as the polymer matrix slowly erodes in
the body.

The anesthetic drug/polymer composition was made by dissolving one tenth
of one gram of lactide/glycolide polymer (Medisorb Grade 8515DL, Medisorb
Technologies International, I..P., Cincinnati, Ohio, USA) and 0.1 gram of lidocaine
base in 2 grams of acetone to form a solution. Approximately 5 mL of water (pH
adjusted to above 8) was slowly added into the solution while the solution was stirred
by a rapidly rotating Teflon coated magnetic bar. A Medisorb-lidocaine mixture
precipitated out as a textured material attached on the magnetic bar and as fine
particles suspended in the solution. Approximately 0.5 mL of the solution containing
the fine particles were injected into a 0.2 micrometer PTFE filter (Nalgene, 25 mm).
Normal saline was infused through the filter via a 3M™ 3000 Modular Infusion
Pump at a rate of 2ml/hr for approximately 7 days. This was to wash away the
lidocaine that was not incorporated in to the Medisorb matrix and particles smaller
than 0.2 micrometer, while lidocaine-polymer particles bigger than 0.2 micrometer
were trapped in the filter. The particles slowly degraded due to hydrolysis and thus
gradually releases lidocaine to the saline passing through the filter.

A blunt needle was tightly attached to the exit end of the filter, and a thin
plastic tube was attached to the blunt needle. Filtered solution from the distal end of
the thin plastic tube was collected according the following steps:

Step 1: Filter at room temperature (about 24°C) and collect the filtered
solution into a glass vial for approximately 1 hour.

Step 2: Immerse the filter into a 36°C (approximate) water bath, wait
approximately 1 hour, and collect the filtered solution from the thin
tube for approximately 1 hour.

Step 3: Increase the temperature of the water bath to about 44°C, wait
approximately 1 hour, and collect the filtered solution for

approximately 1 hour.
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Step 4: Take the filter out of the water bath and leave at room temperature
(about 24°C) for approximately 0.5 hours, collect the filter solution
for approximately 1 hour.

Step 5: Repeat Step 4 after approximately 2 hours.

Saline was infused through the filter at the 2 mL/hour rate for the entire
experiment. The solution coming out of the thin plastic tub during non-collecting
time were discarded. Concentrations of lidocaine in above collected solutions were
determined by an HPL.C (High Performance Liquid Chromatography) method.

Lidocaine release rates from the polymer matrix at different temperatures
were calculated from lidocaine concentrations in the collected samples. The release

rates are shown in Table E, as follows:

TABLE E
Step Temperature Lidocaine Release Rate
(mcg/hour)
1 24°C 0.36
2 36°C 0.61
3 44°C 1.59
4 24°C 0.47
5 24°C 0.38

As the results demonstrate, the lidocaine release rate increased when
temperature at the filter (and hence the temperature of the lidocaine-polymer
particles) was increased, and decreased when the temperature was decreased.
Although the filter temperature in Steps 4 and 5 were the same, the lidocaine release
rate in Step 5 was lower than that in Step 4, and approaches that in Step 1.

Although the total quantities of Medisorb and lidocaine in the filter were not
measured, the relative differences in the lidocaine release rates at different
temperatures demonstrate that lidocaine release rate from Medisorb polymer
increases with temperature. The finding that lidocaine release rate in Step 5 was
lower than that in Step 4 suggest that the release rate decreases gradually after the
temperature is lowered.

Since the degradation (hydrolysis) of Medisorb polymer is believed to control
the release rates, these results suggest that Medisorb polymer degradation rate
increases with increasing temperature. This suggests that the release rate of any drug

incorporated in the Medisorb matrix (or other similar materials) and injected into the
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body can be increased by increasing temperature. In addition to increasing hydrolysis
rate of the Medisorb-lidocaine particles, heat is also expected to increase the flow of
body fluid surrounding the particles in the storage site in actual application, which
should cause an additional increase in the drug absorption rate.

Another experiment was conducted on the Medisorb (same type as discussed
above). A first sample of the Medisorb (transparent beads) weighing 0.1024 grams
was placed in a first glass vial with 9.9024 grams of 0.9% sodium chloride injection
solution. The first glass vial was sealed with parafilm and placed in an oven which
maintained a temperature of about 43°C. A second sample of the Medisorb
weighing 0.1028 grams was placed in a second glass vial with 9.9167 grams of 0.9%
sodium chloride injection solution. The second glass vial was sealed with parafilm
and placed in a room with a temperature of about 23°C.

After 29 days, few visible change had occurred to the Medisorb held at room
temperature (second sample). However, the Medisorb held at about 43 °C changed
from a transparent material to a milky-white color with smoothed edges. The
Medisorb beads also appeared smaller than the original size. This simple experiment
demonstrates that the degradation rate of the Medisorb polymer increases with
increasing temperature.

Example 19

Still another example of storage site absorption using the embodiment of the
present invention illustrated in FIGs. 1 and 2 consists of a patient or care giver
implanting a solid piece (i.e., plate, rod, or the like) made of a biocompatible,
biogradable material(s), such as listed in Example 16, under the skin surface. By way
of example, insulin can be incorporated into such a material. The insulin-containing
solid piece is implanted into a diabetic patient in a position within 3 cm, preferably
within 1 cm, and most preferably within 0.3 cm, from the skin. The insulin release
rate from the solid piece is designed to be sufficient to provide the baseline insulin
need for extended period of time (e.g., a few months). Before each meal, the patient
places the temperature control apparatus 100, preferably with a pre-determined
heating duration, on to the skin site under which the solid piece resides. The heat
from the temperature control apparatus 100 increases the flow of blood or other body
fluid swrrounding the solid piece, thus increases the erosion/degradation of the solid
piece and delivers extra insulin to the systemic circulation to suppress the sugar from
the meals. After the pre-determined duration of temperature control apparatus 100 is

over or after the patient discontinues the heating from the temperature control
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apparatus 100, the erosion/degradation rate of the solid piece gradually returns to
normal, as does the insulin release rate.

Furthermore, such a system can be used with testosterone in a solid piece
which implanted in the patient’s skin. Preferably, the temperature control
apparatus 100 is designed to last substantially longer (i.e., approximately 6-10 hours).
The patent applies the temperature control apparatus 100 on the skin site under which
the solid piece resides to obtain increased testosterone levels in the blood in the
period from morning to evening when testosterone is most needed.

Although only a small number of drugs have been disclosed in Examples 13-
18, any drug used in a treatment that fits the following description may potentially
benefit from the methods: 1) the treatment requires that the drug have a baseline
deliver rate over long treatment duration (such as longer than a day, preferably over a
week), and 2) the treatment requires the drug to have increased delivery rates for a
period or periods of time during the long treatment duration. A variety of drugs and
drug classes can be utilized with such treatments. The drugs include, but are not
limited to, nicotine, testosterone, estradiol, nitroglycerin, clonidine, dexamethasone,
tetracaine, lidocaine, fentanyl, sufentanil, progestrone, insulin, prilocaine,
bupivacaine, sumatriptan, and dihydroergotamine. The drug classes include, but are
not limited to, androgen, estrogen, non-steroidal anti-inflammatory agents, anti-
hypertensive agents, analgesic agents, anti-depressants, antibiotics, anti-cancer
agents, local anesthetics, antiemetics, anti-infectants, contraceptives, anti-diabetic
agents, steroids, anti-allergy agents, anti-migraine agents, agents for smoking
cessation, anti-asthma agents, and anti-obesity agents. |

Example 20

Still yet another example of storage site absorption using the embodiment of
the present invention illustrated in FIGs. 1 and 2 consists of a patient or care giver
imbedding a drug into the depot site. By way of example, a care giver can embed an
anti-migraine drug, such as a powder form of dihydroergotamine, sumatriptan, or
ergotamine, by hitting the drug into a depot site under the skin at high speed (such as
by a device manufactured by Powderject Pharmaceutical, United Kingdom) when a
patient feels an episode of migraine headache is imminent. With the Powderjet
device, the drug powder is accelerated to a speed higher than the speed of sound and
hit into the skin. A temperature control apparatus 100, preferably lasting
approximately 1 hour, is immediately applied on the skin over the location of the
embedded drug. The heat from the temperature control apparatus 100 increases the

speed of the body fluid flow surrounding the anti-migraine drug and carries the anti-
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migraine drug into the systemic circulation faster. As a result, therapeutical blood
concentrations of the anti-migraine drug is reached earlier and in time to treat the
migraine headache.

This technique may also be used to deliver a preventative baseline release rate
of a drug, such as anti-migraine drug or nitroglycerine. A heating patch is then
applied to release extra drug when a medical episode begins.

It is, of course, understood that the heating devices discussed above could be
replaced by an infrared heating device or a microwave heating device with a
feedback mechanism. All the controls and variations in controls discussed above
would apply to such devices.

Example 21

Ultrasound can be used to increase release rate of injected controlled release
drug formulations, particularly, when the controlled release formulations are in the
form of relatively large particles (i.e., 25 wm or larger). The controlled release
formulation is injected into the patient’s tissues within 3 cm, preferably within 1 cm,
and most preferably 0.3 cm from the skin. The erosion/degradation rate of the
particles determines the rate of release of the drug, and the steady state release rate of
the drug is designed to deliver a therapeutical level of drug to the patient. For
analgesic drugs, the steady state release rate is usually slightly below that needed to
treat an average person’s post-operative pain. For a particular patient in whom the
steady state release rate is not sufficient (because of his pharmacokinetics and/or
level of pain), an ultrasound is directed into formulation and breaks the particles into
smaller ones (this requires that the particles are capable of being broken by
ultrasound).

This increases the surface area of the formulation exposed to the swrounding
body fluid, and hence increases the release rate for the rest of the administration.
This method allows the administration of a low release rate formulation which is
safe, and then increasing the release rate for patients who need higher delivery rates.
The intensity, frequencies, and duration of ultrasound can be chosen to increase the
release rate to proper levels. Exemplary ultrasound treatment and devices can be
found in U.S. Patent 4,948,587 issued August 14, 1998 to Kost et al., hereby
incorporate herein by reference.

Example 22

The generation of an electric potential on a portion of a patient’s body can be

used to increase release rate of injected controlled release drug formulations,

particularly, when the controlled release formulations exist in ionized form in the
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formulations and/or surrounding body fluid. For example, when a controlled release
insulin is injected into a diabetic patient’s skin, the normal release rate of insulin
from this formulation is controlled by the dissolution rate of the particles in which
insulin resides wherein the normal release rate provides an adequate baseline insulin
level in the patient. As shown in FIG. 26, the patient places a first electrode 262 on
the skin 134 over the injection site of the controlled release insulin formulation 264.
A second electrode 266 is placed on a skin 134 in a position near the injection site of
the controlled release insulin formulation 264 (i.e., at least a few centimeters away).
Before each meal when the patient needs to increase his blood insulin level to
suppress sugar from the meal, the patient connects the first electrode 262 and the
second electrode 266 with wires 268 and 270, respectively, to an electric current
generating device 272. The electric current generating device 272 introduces an
electrical potential between the first electrode 262 and the second electrode 266.
Preferably, with the use of insulin, the electrical amperage should be in the range of
between about 0.2 and 4 mA. Because at the physiological pH, insulin molecules
carry net negative electric charges, the first electrode 262 should have a negative
charge which pushes the negatively charged insulin away from the body fluid
surrounding the formulation and into the systemic circulation 254. This makes the
insulin release faster. Preferably, the intensity and duration of the current can be
altered with the electric current generating device 272 to deliver the requisite
therapeutic amount of extra insulin.
Example 23
The generation of a vibration over the injection site of controlled release drug
formulations can be used to increase release rate of the formulations, particularly,
when the controlled release formulations have limited solubility in body fluid or with
solid formulations whose erosion/degradation speed can be significantly increased by
increasing flow/exchange of body fluid surrounding the solid formulation. For
example, when a controlled release insulin is injected into a diabetic patient’s skin,
“the normal release rate of insulin from this formulation is controlled by the
erosion/degradation or dissolution rate of the particles in which insulin resides
wherein the normal release rate provides an adequate baseline insulin level in the
patient. As shown in FIG. 27, before each meal, the patient places a vibration
generating device 282 on the skin 134 over the injection site of the controlled release
insulin formulation 264. The vibration generating device 282, preferably, delivers
vibration of between about 20 and 400 Hz. The vibration agitates the body fluid (not

shown) surrounding the controlled release insulin 264 and increases its circulation.
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As a result, more insulin is released from the controlled release insulin formulation
264 to the systemic circulation 254 shortly before the meal to suppress the sugar from
the meal. Preferably, the intensity and duration of the vibration can be altered with
the vibration generating device 282 to deliver the requisite therapeutic amount of
extra insulin.

Although only a few drugs have been disclosed in Examples 19-22, any drug
used in a treatment that fits the following description may potentially benefit from
the physical methods for inducing increased release: 1) the treatment requires that
the drug have a baseline deliver rate over long treatment duration (such as longer
than a day, preferably over a week), 2) the treatment requires the drug to have
increased delivery rates for a period or periods of time during the long treatment
duration, and 3) the formulations respond to the one or more of the physical methods
for inducing increased release. A variety of drugs and drug classes can be utilized
with such treatments. The drugs include, but are not limited to, nicotine,
testosterone, estradiol, nitroglycerin, clonidine, dexamethasone, tetracaine, lidocaine,
fentanyl, sufentanil, progestrone, insulin, prilocaine, bupivacaine, sumatriptan, and
dihydroergotamine. The drug classes include, but are not limited to, androgen,
estrogen, non-steroidal anti-inflammatory agents, anti-hypertensive agents, analgesic
agents, anti-depressants, antibiotics, anti-cancer agents, local anesthetics, antiemetics,
anti-infectants, contraceptives, anti-diabetic agents, steroids, anti-allergy agents, anti-
migraine agents, and agents for smoking cessation.

Example 24

Another example of the present invention comprises using a temperature
control apparatus 300, similar to that shown in FIG. 23, which is capable of heating
and cooling, such that the rate of absorption of injected controlled release drug
formulation can be increased or decreased, as needed.

For example, when a controlled release drug formulation is injected into a
patient’s skin, the normal release rate of the drug from this formulation is controlled
by the erosion/degradation rate of the particles in which the drug resides wherein the
normal release rate provides an adequate baseline drug level in the patient. As shown
in FIG. 28, if the level of the drug in the patient’s system requires adjusting, the
temperature control apparatus 300 is placed on the skin 134 over the injection site of
the controlled release drug formulation 302. Heating will result in an increase in
drug absorption (as previously discussed) and cooling will reduce drug absorption to
prevent overdose. FIG. 23 illustrates the temperature control apparatus 300 as a

thermoelectric module which is be used for both heating or cooling. The temperature
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control apparatus 300 functions as a small heat pump, wherein a low voltage DC
power source 304 provides a current in one direction 306 to a thermoelectric unit 310
which results in heating on a first side 308 (preferably a ceramic substrace) of the
temperature control apparatus 300 and cooling on a second side 312 (preferably a
finned dissipation structure) of the temperature control apparatus 300. If the current
direction is reversed, the first side 308 will cool and the second side will heat. The
temperature control apparatus 300 may be control with a closed loop temperature
controller, as shown previously in FIG. 24.

A variety of drugs and drug classes can be utilized with such treatments. The
drugs include, but are not limited to, nicotine, nitroglycerin, clonidine,
dexamethasone, fentanyl, sufentanil, and insulin. The drug classes include, but are
not limited to, androgen, non-steroidal anti-inflammatory agents, anti-hypertensive
agents, analgesic agents, anti-depressants, anti-cancer agents, anti-diabetic agents,
steroids, anti-migraine agents, and agents for smoking cessation.

Example 25

- Another example of the present invention comprises using the temperature
control apparatus 300, as shown in FIG. 23, or any device which is capable of
cooling the skin in conjunction with an injectable liquid drug delivery formulation
containing thermal gel.
, The main difference between a thermal gel and a regular gel is that a thermal
gel is a liquid in room temperature (i.e., about 20-25°C) and is a gel at body
temperature (7.¢., about 37°C), whereas, with regular gel, the viscosity of the gel
generally lowers with increasing temperature. Thus, while the thermal gel is at room
temperature (i.¢., in liquid form), a drug formulation is mixed into the thermal gel.
The thermal gel/drug mixture may then be easily drawn into a syringe and injected to
the patient. Once in the patient’s body, the thermal gel/drug mixture quickly
solidifies into a gel. The gel then dissolves over time releasing the drug formulation
into the patient systemic circulation.

Using a cooling device, such as the temperature control apparatus shown in
FIG. 23, the thermal gel/drug mixture which has solidified under the skin can be
cooled to revert the gel back into a liquid. In a liquid state, the drug formulation
diffusion rate and release rate increase, thereby increasing the drug formulation
present in the patient’s systemic circulation when needed.

An example of a thermal gel is Smart Hydrogel™ developed by Gel
Science/GelMed and consists of an entangled network of two randomly grafted

polymers. One polymer is poly(acrylic acid) which is bioadhesive and pH-
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responsive. The other polymer is a triblock copolymer containing poly(propylene
oxide) (“PPO”) and poly(ethylene oxide) (“PEO™) segments in the sequence PEO-
PPO-PEO.

An example of using the present invention with a thermal gel is the delivery
of additional insulin to a diabetic patient prior to the intake of food. The thermal gel
containing the insulin can be injected subcutaneously in order to form a gel to release
a continuous baseline dosage of insulin. At a meal when insulin is needed to absorb
extra sugar in the circulation, the patient can apply the cooling device on the skin
adjacent the injection site and cool the injection site to a temperature below the
gelling temperature of the thermal gel/insulin mixture. The gel will, of course,
become a liquid and increase the insulin level in the patient’s body to compensated
for the ingested meal. This process can be repeated many times until the injected
thermal gel/insulin mixture is gone. The advantage of this drug delivery system is
that the diabetic patient can control insulin delivery during the course of a few days,
even a few weeks, with only one injection. |

Example 26

As shown in FIG. 29, an insulating material can be incorporated with the
controlled temperature apparatus to assist in not only minimizing the temperature
variation, but also increasing the temperature of the DDDS and the skin under it (by
decreasing heat loss), each of which tend to increase dermal drug absorption.

FIG. 29 illustrates a configuration similar to that illustrated in FIG. 4 wherein
the temperature control apparatus 100 of FIG. 2 is attached to the DDDS 120 of FIG.
3. The DDDS 120 attached to a portion of the skin 134 of a patient. An insulating
sleeve 350 abuts the skin 134 and encases a substantial portion of the temperature
control apparatus 100 and the DDDS 120.

FIG. 30 illustrates another insulating sleeve 360 made of an insulating
material, such as closed-cell foam tape, with adhesive edges 362 attached to a
patient’s skin 134, slightly larger than and covering a DDDS 364. FIG. 31 illustrates
the insulating sleeve 360 covering a heating apparatus 366 and the DDDS 364
attached to a patient’s skin 134. FIG. 32 illustrates the insulating sleeve 360
covering an area over the skin 134 where an injected/implanted/ controlled/extended
release drug formulation 368 has been located.

Example 27

Another application of the present invention involves the use of a heating

device, such as discussed above, in conjunction with a typical liquid drug injection.

For some drugs, increased speed of absorption into the systemic circulation after they
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are injected into the body may provide treatment to the patients. For instance, to be
effective, the anti-migraine drug, dihydroergotamine, must reach an effective
concentration level in the blood stream within a certain amount of time from the
onset of the migraine attack or the drug will be ineffective. Currently, a drug’s
absorption into the patient’s systemic circulation cannot be altered after it is injected.
Thus, the controlled heating aspect of the present invention can be used to increase
the absorption speed of subcutaneously and intramuscularly injected drugs.

For example, after a drug is injected subcutaneously or intramuscularly, a
heating patch, such as described in the above examples, may be placed on the skin
under which the injected drug resides. The heating increases the circulation of body
fluid surrounding the injected drug, increases the permeability of blood vessel walls
in the surrounding tissue, and, thus, results in increased speed of absorption of the
drug into the systemic circulation.

Such a method would be useful for drugs which are injected into a part of the
body that can be heated by a heating means on or outside the skin and whose effect
can be improved by increased absorption speed into the systemic circulation or
deeper tissues. Such drugs may include; anti-migraine agents, anti-hypertensive
agents, analgesics, antiemetics, cardiovascular agents. Specific drugs may include
dihydroergotamine, ergotamine, sumatriptan, rizatriptan, zolmitriptan, and other
selective 5-hydroxytryptamine receptor subtype agonists, morphine and other
narcotic agents, atropine, nitroglycerin, fentanyl, sufentanil, alfentanil, and
meperidine.

Since increased absorption speed into the systemic circulation usually can
cause higher peak concentrations in the blood, this technology may also be used to
increase peak blood concentrations of drugs that are injected subcutaneously and
intramuscularly.

Some drugs need to be injected intravenously because systemic absorption for
subcutaneous and intramuscular injections take too long to take effect. However,
intravenous injection is more difficult to perform and involves more risks. With the
use of the present invention, the absorption speed of some drugs may be increased
enough so that subcutaneous or intramuscular injection can provide sufficient speed
of absorption. Therefore, this technology may also be used for replacing intravenous
injections with subcutaneous or intramuscular injections for some drugs.

As a specific example, a patient may inject himself with sumatriptan or
dihydroergotamine subcutaneously after he feels a migraine attack. He then removes

a heating patch containing a heat generating medium comprising iron powder,
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activated carbon, water, sodium chloride, and sawdust (similar to Example 1) out of
its air-tight container and places it over the injection site. The heating patch quickly
increases the temperature of the skin under the heating patch into a narrow range of
39-43°C and maintains it there for at least 15 minutes. The circulation speed of the
body fluid surrounding the injected drug and the permeability of the blood vessels in
the surrounding tissues are both increased by the heating. As a result, the drug enters
the systemic circulation and reaches the acting site more rapidly, and the patient
receives more rapid and/or better control of the migraine attack.

In another example, a nurse can inject morphine into a patient’s muscle tissue
to treat severe pain. The nurse then places a heating patch, as describe above, over
the injection site. The speed of morphine absorption into the systemic circulation is
increased as previously discussed. As a result, the patient receives more rapid and/or
better pan control.

Example 28

Another application of the present invention involves the use of a heating
device, such as discussed above, to mimic circadian patterns. For example,
testosterone or its derivatives, such as testosterone enanthate and testosterone
cypionate, can be injected intramuscularly into men to substitute or replace
diminished or absent natural testicular hormone. Testosterone enanthate and
testosterone cypionate are preferred over testosterone, as they have longer duration of
action than testosterone. However, it is understood that testosterone or its derivative,
such a testosterone ester, may be incorporated into a controlled release polymer
matrix, such as homopolymer or copolymer of lactic and glycolic acid, preferably
poly(DL-lactide), poly(DL-lactide-co-glycolide), and poly(DL-lactide-co-(-
caprolactone)), to increase the duration of action. Following intramuscular injection,
testosterone enanthate is absorbed gradually from the lipid tissue phase at the
injection site to provide a duration of action of up to 2-4 weeks. However, natural
blood testosterone concentrations in healthy man are higher in a day and lower in the
night. So blood testosterone concentrations obtained from injected testosterone
derivatives do not mimicking the natural circadian pattern.

By way of example, a patient can inject testosterone enanthate either
subcutaneously or intramuscularly (if intramuscularly, the injection should be
relatively close to the skin surface). The patient then places a heating patch on the
injection site every morning (until all the injected testosterone enanthate is depleted).
The heating patch quickly increases the temperature of the injection site to a narrow

range, and maintains it therefore a desirable duration of time (i.e., about 8 hours).
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They heating causes increased release of testosterone enanthate and/or increased rate
of c011v¢r51011 from testosterone enanthate to testosterone, and, thus, higher blood
testosterone concentrations. The “used-up” patch is removed before a new heating
patch is placed on the same. Using this intermittent heat application technique, blood
testosterone concentrations are low in the night and high in the day, thus mimicking
the natural circadian pattern.

Rapid Delivery

One embodiment of current invention is related to using controlied heat to
transdermally deliver pharmaceuticals in a unique way. In transdermal drug delivery,
a formulation containing a drug is applied to the skin and the drug permeates across
the skin to reach the systemic circulation or regional tissues. Typically, a portion of
the drug that permeates across the skin’s main barrier, stratum corneum, stays in the
skin and/or sub-skin tissues. This drug storage and/or storage site in the skin is
referred to as “depot or depot site” hereafter. If the transdermal permeation of the
drug continues, a steady state depot can be established. After the transdermal
permeation of the drug stops, the drug in the depot will gradually migrate into the
systemic circulation. The inventors have recently determined that when the depot is
heated, at least a portion of the drug in the depot can be released (dumped) into the
systemic circulation very rapidly. The depot may exist in the skin and or subskin
tissues. For purposes of this application, the depot is generally considered to exist
under the surface of the skin.

In the current invention, a transdermal delivery system is applied to the user’s
skin to deliver a pharmaceutical agent (drug) through transdermal permeation. Some
of the drug reaches the systemic circulation while a portion of the drug is stored in
the depot. When there is a need to rapidly increase the drug’s concentration in the
systemic circulation, a heating source is applied to the skin area under which the
depot exists. The heating then rapidly releases a portion of the drug in the depot into
the systemic circulation. The mechanism of this rapid release may involve heat-
induced increased blood circulation, blood vessel dialation and/or increased drug
solubility. The rapid rate at which drugs are released from the depot and absorbed
into the systemic circulation due to heating the skin is surprising.

The method of the present rapidly “dumping” a drug from a depot created by
transdermal drug delivery allows transdermal drug delivery to be used to (1)
promptly treat an acute symptom or illness; and (2) rapidly increase drug

concentration in the systemic circulation on demand.
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In one embodiment of the present invention, a transdermal delivery system is
applied to the user’s skin. The concentration of the drug in the user’s blood starts to
steadily rise after an initial period of time, referred to as the lag time. The drug
concentration in the user’s blood reaches a steady state after another period of time.
The period of time between the start of transdermal delivery and the steady state is
referred to herein as the time to steady state or steady state time. When there is a
need to rapidly increase the drug concentration in the blood, a heating source capable
of heating the skin to a predetermined temperature range for a predetermined
duration is applied proximate to the skin area under which the depot exist. A portion
of the drug in the depot is released and the drug concentration in the blood then
increases rapidly. After the heating source is removed or terminated, the blood drug
concentration starts to decrease gradually to normal.

Although the user may be able to adjust or terminate the heating, it is more
desirable to design and use a heating source that can generate heat to a pre-
determined temperature and for a pre-determined duration. This will minimize the
overdose potential. For example, if a patent forgets to remove a heating source from
a transdermal fentanyl patch after obtaining an adequate bolus fentanyl dose and the
heating source continues to heat, the patient may eventually be overdosed with
fentanyl. On the other hand, if the heating source is designed to only last for a period
of time that has been tested to be safe (i.e., 10 minutes), the patient will not be
overdosed regardless if he/she remembers to remove the heating source. In a typical
application, the pre-determined heating duration only needs to be long enough to
release a therapeutic amount of the drug from the depot. Typically, this heating time
is not more than about fifteen minutes to thirty minutes, unless there is a need to keep
the elevated drug concentrations in the biood for an extended time. It is possible that
the heating time can be very short, even seconds long, as the heat induced increase in
blood circulation and blood vessel dilation can be nearly instanteous. The heating
temperature also needs to be well designed and precisely controlled. If the heating
temperature is too low, the release of the drug from the depot may be insufficient. If
the heating temperature is too high, skin damage and/or drug overdose may occur.
Therefore, in the current invention, both heating temperature and heating duration are
preferably well controlled.

In order to release the drug from the depot, a significant amount of drug has
to be delivered into the depot through the skin first. In one embodiment, after the
transdermal drug delivery system is applied to the user’s skin, a pre-determined

minimum time is allowed to elapse without heating. This period of time is generally
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referred to as the depot accumulation time. The length of time of this initial depot
accumulation depends on many factors such as potency and other properties of the
drug and the nature of the therapy. The depot accumulation time preferably is
determined clinically or experimentally for each drug. It is estimated that a minimum
of 10-20 minutes of unheated transdermal delivery is needed for any drug to establish
a large enough depot from which a therapeutically significant bolus dose can be
released. It is likely that most drugs require at least 30-60 minutes depot
accumulation time in order to build such a depot when heat is not used to increase

absorption. [t is usually not necessary to establish a steady state concentration before

using heat to “dump” the drug from the depot. The un-heated depot delivery time

only needs to be as long as it takes to build a significant depot so that a therapeutic
amount of the drug can be released from the depot.

After the drug is released from the depot by controlled heat, the depot is
depleted or partially depleted. If the transdermal drug delivery continues, the depot
will be filled again. Therefore, another depot accumulation time may have to elapse
before a therapeutic amount of the drug can be released from the same depot site
again by controlled heating. This subsequent depot accuniulation time may be
different from the initial depot accumulation time. It will not only depend on all the
factors that affect the initial depot accumulation time, but will also depend on how
much drug remains after a portion of the drug was depleted by the prior heat-induced
bolus release. It is conceivable that if the prior controlled heat- induced release only
depleted a small portion of the drug in the depot, the subsequent depot accumulation
time may be quite short. The depot depletion-refill process can be repeated
numerous times as long as enough time is given before each controlled heat- induced
drug release and transdermal drug delivery continues. Since the initial and the
subsequent depot accumulation times are of similar nature, they are both referred to
as depot accumulation time hereafter.

The depot site may be heated during the depot accumulation time, as long as
the heating temperature is significantly lower than the heating temperature used to
release the drug from the depot. This low level heating will reduce the amount of the
drug to be released from the depot, due to reduced temperature difference. However,
the low temperature heating may provide the benefit of reducing the time to steady
state, and therefore should be considered.

Two classes of drug may be delivered beneficially with this method. The first
class of drugs are those that can be delivered transdermally, and for which a rapid

increase in blood concentration upon demand is beneficial for the user. The second
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class of drugs are those that can be delivered transdermally, for which a relatively
constant level of the drug in the blood is beneficial, and for which a rapid increase in
blood concentration (in addition to the drug level already present in the blood) upon
demand is beneficial. Use of the present invention allows the first class drugs, which
are often delivered by injection, to be delivered non-invasively. This method is
particularly advantageous for the second class of drugs.

The second class of drugs referred to above includes, but is not limited to the
following drugs:

Analgesics: providing a constant desired drug level in the blood helps
alleviate baseline pain and, a rapid release of the drug from the depot into the
systemic circulation upon demand may takes care of breakthrough pain or other
suddenly increased but short lasting pain.

Anti-mental disorder drugs: providing a constant desired drug level in blood
prevents some or most episodes of a mental disorder (e.g. panic attack) from
happening, and a rapid release of the drug from the depot into the systemic
circulation may help prevent or reduces the severity of some attacks that are not
preventable using the baseline drug levels.

Migraine drugs: providing a constant desired drug level in blood prevents
some or most episodes of migraine attacks from happening, and a rapid increase of
the drug from the depot into the systemic circulation may help prevent or reduce the
severity of some sudden and severe attacks that are not preventable by the baseline
drug levels.

Anti-inflammatory drugs: providing a constant desired drug level in blood
minimizes a user’s pain or eliminates the pain most of the time, and a rapid release of
the drug from the depot into the systemic circulation may help prevent or reduces the
severity of a more severe, acute pain. These drugs include, but are not limited to,
steroids and nonsteroidal anti-inflammatory agents.

Cardiac drugs: providing a constant desired drug level in blood helps prevent
orreduce heart disorders, and a rapid release of drug from the depot into the
systemic circulation may help prevent or reduce the severity of sudden and severe
heart disorders that are not preventable by the baseline drug levels.

Hypertension drugs; providing a constant desired drug level in blood keeps
the blood pressure at relatively constant levels most of the time, and a rapid release
of the drug from the depot into the systemic circulation may suppresses sudden and

serious blood pressure increases that are not preventable by the baseline drug levels.
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The rapid release of the drugs mentioned above from the depot into the

systemic circulation by applying heat may be accomplished by either the physician or

the patient when he/she senses a clinical need.

Example 1

The following human test results demonstrate that a drug in a skin/sub-skin

depot can be rapidly released into the systemic circulation.

In one arm of the study, a 25 meg/hr Duragesic® transdermal fentanyl patch
p

was applied to the skin of the subjects at time 0 (t=0). Att=24 hours, after a

significant depot of fentanyl was formed in the skin/sub-skin tissues, a heating patch

capable of heating the skin to about 40-43 C for about 60 minutes was placed on top

of the Duragesic® patch. Both the heating patch and the Duragesic® patch were

removed at t = 30 hours. Mean serum fentanyl concentrations of the ten subjects at

pre-determined time points were measured by radioimmunoassay, and are shown in

Table 1.

Table 1
Hours
0

o« BN B e LV, Bt oV VS B (e

<

—_ e
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i

14
15
16
17
18
19

Mean
0.006
0.008
0.035
0.130
0.259
0.347
0.485
0.520
0.539
0.544
0.658
0.598
0.707
0.660
0.662
0.755
0.746
0.690
0.747
0.819
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20 0.769
21 0.775
22 0.808
23 0.874
24 0.855
24.08 1.378
24.17 1.423
24.25 1.331
24.33 1.412
24.50 1.374
24.67 1.407
24.83 1.334
25 1.253
25.5 1.125
26 1.114
27 0.876
28 0.744
29 0.759
30 0.798
31 0.582
32 0.573
33 0.454
34 0.432
35 0.389
36 0.425

In another arm of the study, a 25 mcg/hr Duragesic® transdermal fentanyl
patch was applied to the skin of the subjects at time 0 (t=0). A heating patch capable
of heating the skin to about 40-42 C for about 240 minutes was placed on top of the
Duragesic® patch also at t = 0. At t= 8 hours, the heating patch was removed, but the
Duragesic® patch remained. Att= 12 hours, a heating patch capable of heating the
skin to the temperature range of about 40-42 C for about 15 minutes was placed on
top of the Duragesic® patch. The heating patch’s heating area covered only about 50
percent of the drug delivery area of the Duragesic® patch. This heating patch was
removed at t = 14 hours while the Duragesic® patch remained. Another identical
fifteen minute heating patch was placed on the Duragesic patch at t = 16 hours, and

covered the half of the Durageic® patch area that was not covered by the 15 min
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heating patch applied at t = 12 hours. Both the heating and Duragesic® patches were

removed at t = 20 hours. Mean serum fentanyl concentrations of the five subjects at

predetermined time points were measured by a radioimmunoassay, and are shown in

Table 2. The four-hour heating patch used at the beginning of the Duragesic® patch

application was for the purpose of shortening the time to reach therapeutic serum

fentanyl concentrations.

Table 2

Time (hour)

O 0~ & W A WL N — O

—_
[e)

16.083
16.17
16.25

Average
0.0196

0.0640
0.3473
0.4402
0.4199
0.3915
0.4603
0.4219
0.3797
0.3727
0.3839
0.4196
0.4933
0.6493
0.6322
0.6524
0.6738
0.6577
0.6121
0.5894
0.5777
0.5466
0.5588
0.4796
0.4844
0.5837
0.6019
0.6515
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16.33 0.6415
16.5 0.6139
16.67 0.5648
16.83 0.5435
17 0.5281
17.5 0.5919
18 0.5280
19 0.5424
. 20 0.5241
21 0.4328
22 0.4344
23 0.3969
24 0.3880

The heating patches used in both arms of the study generated heat by the
oxidation of iron powder. The heating patches had a closed chamber defined by an
air-impermeable bottom, air impermeable sidewall and an air-impermeable cover.
The edges of the bottom and cover were joined to the air impermeable sidewall and
form a closed chamber within which a heat-generating medium resided. The cover
had predetermined number of holes with predetermined size to allow oxygen in
ambient air into the heat-generating medium at pre-determined rates. The heating
patches were stored in air-tight pouches. When the heating patches were removed
from the pouches, oxygen in ambient air flowed into the heat-generating medium via
the holes on the cover to start an exothermic reaction (oxidation reaction of iron
powder). The number and size of the holes on the cover determined the rate at which
oxygen entered the heat generating medium, and hence the heating temperature. The
heat generating medium composition had the following approximate weight portions:

Activated carbon: 15.63% (i.e. HDC grade, Norit Americas, Inc.)

Fine iron powder: 50.04% (i.e. - 325 mesh)

Wood powder:9.38% (i.e. <20 mesh)

Sodium chloride: 6.25%

Water: 18.7%

The one-hour heating patch used in the first arm of the study had a heating
area of about 40 cm”, and contained about 8.6 g of the heat generating medium. The
15 minute heating patch used in the second arm of the study had a heating area of
about 4.7 cm?, and contained about 0.62 g of the heat generating medium. The

covers of the one-hour and the fifteen-minute heating patches had 36 and 9 holes
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(diameter = 1/16"), respectively. Those holes were covered by a microporous
membrane (CoTran 9711, 3M). The four-hour heating patch had a heating area of
about 40cm” and was similar to that of the one-hour heating patch, except that it had
12.3 g of the heat-generating medium. The one hour and four hour heating patches
covered more than the 10em?2 drug delivery area of the Duragesic® 25mg/h patch.

In the first arm, the mean serum fentanyl concentrations increased over 60
percent within five minutes following the heating at t = 24 hours, and remained close
to that level for about one-and-a-half hours before starting to decrease gradually, as
the heating patch stoﬁped generating heat and the skin temperature began to decrease
gradually at about t =25 hours. In the second arm, the mean serum fentanyl
concentrations increased 20-30 percent within five minutes following the heating at t
=12 hours and at t = 16 hours, and remained close to that level for about one-half
hour before starting to decrease gradually, as the heating patch stopped heating at
aboutt=12.3 hours and at t = 16.3 'hours, respectively, and the skin temperature
started to decrease.

These results suggest the following: (1) heating the skin after applying the
transdermal fentanyl patch for certain period of time can rapidly release the drug in
the depot into the systemic circulation; (2) a longer heating duration can maintain the
elevated serum fentanyl levels for longer time; and (3) heating a fraction of the
fentanyl transdermal patch (and hence a fraction of the depot) releases a fraction of
the depot. In this case, heating approximately 50 percent of the depot (second arm)
resulted in an increase in serum fentany! concentrations that was approximately one-
half of that obtained by heating 100 percent of the depot (first arm).

It should be noted that in the second arm of the study, applying heat at the
beginning of the Duragesic® patch application did not cause a rapid increase in serum
fentanyl levels for some time. But applying heat after some time of un-heated
transdermal application of the Duragesic® patch caused very rapid increase in serum
fentanyl levels, as observed in both arms of the study. This supports the theory that
the rapid increase was caused by release of the drug from depot, which takes some
time to build. [t should also be pointed out that t = 5 minutes was the first data point
at which drug serum concentrations were measured after heating was applied. It is
conceivable that the serum fentanyl concentrations could have increased significantly
before the 5 minute point.

In both arms of the study, the speeds of increase in serum fentanyl
concentrations when the heat was applied after the establishment of the depot were so

rapid that they approach the speed produced by intravenous injection, and much
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faster than any other delivery methods, including oral mucosal absorption,
intramuscular injection, subcutaneous injection, and oral administration.

These findings are significant. Transdermal drug delivery has never been
used to deliver any drug for any treatment therapy that requires rapid onset of drug
effect, and has never been used in situations that require a rapid increase in blood
drug levels on demand. The present invention makes it possible to use transdermal
drug delivery in these and other advantageous ways.

Many heating methods may be used to produce the controlled heat for
releasing the drug from the depot, including, but not limited to, electrical heating,
heat produced by phase transition, other exothermic chemical reactions, and heat
produced by infrared radiation.

The present invention may be embodied in other specific forms without
departing from its spirit or essential characteristics. The described embodiments are
to be considered in all respects only as illustrative and not restrictive. The scope of
the invention is, therefore, indicated by the appended claims, rather than by the
foregoing description. All changes which come within the meaning and range of
equivalency of the claims are to be embraced within their scope.

What is claimed is:

PCT/US02/18121
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1. A method of delivering a drug into a user’s systemic circulation,
comprising:

establishing a drug depot in tissues under the user’s skin surface by applying a

transdermal drug delivery system on a user’s skin;

allowing said transdermal drug delivery system to be applied on said skin area

without heating for at least a predetermined depot accumulation time
so that a drug depot is formed in tissues under the surface of said skin
area; and

placing a heating source proximate to said skin area when there is a need to

increase said drug’s concentrations in the user’s systemic circulation.

2. The method of claim 1, wherein said drug is capable of providing a
clinical benefit to a user if said drug’s concentrations in said user’s systemic
circulation can be rapidly increased when a clinical need arises.

3. The method of claim 1, wherein said drug is capable of providing
certain clinical benefit to a user when said drug’s concentrations in said user’s
systemic circulation are maintained at pre-determined levels for an extended period
of time, and is capable of providing added clinical benefit to said user if its
concentrations in said user’s systemic circulation can be rapidly increased on
demand.

The method of claim 1, wherein said drug is an analgesic.

The method of claim 1, wherein said drug is fentanyl.

The method of claim 1, wherein said drug is sufentanil.

The method of claim 1, wherein said drug is a narcotic agent.

The method of claim 1, wherein said drug is an anti-migraine agent.

The method of claim 1, wherein said drug is nicotine.

= 0 % N v

0.  The method of claim 1, wherein said drug is an anti-hypertension
agent.

11. The method of claim 1, wherein said drug is an agent for the treatment
of mental disorders.

12.  The method of claim 1, wherein said drug is an agent for treating

panic disorder.

13. The method of claim 1, wherein said drug is antiemetic agent.

14, The method of claim 1, wherein said drug is a hormone.

15. The method of claim 1, wherein said drug is agent for treating cardiac
disorder.
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16.  The method of claim 1, wherein said pre-determined depot
accumulation time is about 30 minutes.
17.  The method of claim 1, wherein said pre-determined depot

accumulation time is at least about one minute.

18.  The method of claim 1, wherein said pre-determined depot

accumulation time is longer than at least 60 minutes

19. The method of claim I, wherein said pre-determined depot

accumulation time is about 60 minutes. .

20. The method of claim 1, wherein said heating source is capable of
heating for a predetermined duration.

21.  The method of claim 1, wherein said heating source is capable of
heating for a predetermined duration between about 5 seconds and 60 minutes.

22. The method of claim I, wherein said heating source is capable of
heating for a predetermined duration between about 10 seconds to 30 minutes.

23, The method of claim 1, wherein said heating source is capable of
heating said skin area to a predetermined temperature range for longer than 60
minutes.

24, The method of claim 1, wherein said heating source is capable of
heating said skin area to a predetermined temperature range for a predetermined
duration of between about 5 seconds to 60 minutes.

25.  The method of claim 24, wherein said predetermined temperature
range is between about 37-45 C.

26.  The method of claim 24, wherein said predetermined temperature

" range is between about 39-43 C.

27. A method to provide baseline concentrations of an analgesic in a
human being’s systemic circulation and to rapidly deliver a bolus dose of said
analgesic into said systemic circulation when said human being is suffering from an
increased level of pain, comprising:

applying a transdermal analgesic delivery system onto a skin area of a human

being to establish baseline concentrations of said analgesic in said
human being’s blood;

allowing said transdermal analgesic delivery system to be applied without

heating for a time sufficient to allow the formation of an analgesic
depot in tissues under the surface of said skin area of said human

being; and
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placing a heating source proximate to said skin area when said human being

suffers from increased level of pain.

28. A method of delivering a drug into the systemic circulation of a
human being, comprising:

establishing a drug depot in tissues under the surface of a skin area by

applying a transdermal drug delivery system on the skin area of a
human being and heating said skin area to a first pre-determined
temperature range,

allowing said transdermal drug delivery system to be applied while heating

said skin area to said first temperature range for at least a
predetermined minimum time period; and

heating said skin area to a second temperature range, which is higher than

said first temperature range, for a second pre-determined period of
time.
29. A method to provide baseline concentrations of fentanyl in a human
being’s systemic circulation and to rapidly deliver a bolus dose of fentanyl into said
systemic circulation when said human being is suffering from an increased level of
pain, comprising:
applying a transdermal fentanyl delivery system onto a skin area of a human
being to establish baseline concentrations of fentanyl in said human
being’s blood; "

allowing said transdermal fentanyl delivery system to be applied without
heating for a time sufficient to allow the formation of a fentanyl depot
in tissues under the surface of said skin area of the said human being;
and

placing a heating source proximate to said skin area when said human being

suffers from increased level of pain.

30. A method to provide baseline concentrations of sufentanil in a human
being’s systemic circulation and to rapidly deliver a bolus dose of sufentanil into said
systemic circulation when said human being is suffering from an increased level of
pain, comprising:

applying a transdermal sufentanil delivery system onto a skin area of a human

being to establish baseline concentrations of sufentanil in said human
being’s blood allowing said transdermal sufentanil delivery system to

be applied without heating for a time sufficient to allow the formation
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of a sufentanil depot in tissues under the surface of said skin area of
the said human being; and

placing a heating source proximate to said skin area when said human being
suffers from increased level of pain.

31.  Anapparatus for heating skin of a human to release a depot of a drug

located beneath the skin, the apparatus comprising:
a drug depot formed in tissues under at least a portion of a skin surface;
a transdermal drug delivery system coupled to the skin surface; and

a heating source coupled to the skin surface.
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